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Data for the times 


As a kind of a public service, we feel we ought to print the following table: 














1,000-KVP X-rays— 
KODAK FILM Kodak Time | Roentgens for density of 
Developer | (min.) |~9.3 1.0 72.0 
net gross gross 
1. Kedak Royal Pan Film DK-60a a 1.2 13.2 440 
2. Eastman Plus-X Panchromatic 
Negative Film D-76 8 3.7 19 450 
3. Kodak Commercial Film DK-50 5 4.3 47 305 
4. Kodak Contrast Process 
Panchromatic Film D-11 5 11.5 36 98 
5. Kodak Infrared Aerographic Film b-19 9.6 1.2 4.0 18 
6. Kodak Linagraph Ortho Film D-19 7 1.1 3.2 12 
7. Kodak Super-XX Aerographic Film D-19 9.6 1.2 3.8 17 
8. Kodalith Ortho Film, Type 2 Kodalith 2.25 _ 1400 1700 
9. Recordak Micro-File Panchromatic Film | Kodagraph | 5 90 220 560 























We have three reasons for print- 
ing it, in decreasing order of impor- 
tance. 

1) In the event of nuclear disaster, 
pieces of film that survive lighttight 
might serve as fortuitous dosimeters. 
Few American population centers 
of 10,000 souls or more wouldn’t 
contain at least a box or two of such 
a popular product as Kodak Royal 
Pan Film. Giving it the above-indi- 
cated processing normally recom- 
mended for that film would provide 
a radiological survey party with a 
quick and rough estimate of the 
amount of prompt radiation that 
hit where the film was stored. The 
table neglects the possibility of so- 
larization, but perhaps this is an 
excessively lugubrious thought. 

2) In these nuclear times, the 
question often arises of how much 
radiation it takes to spoil film for its 
inter.ded purpose. Here is a guide to 
tolerance judgments, since the sen- 
sitivity of a particular photographic 
material is essentially the same for 
all radiations harder than 1,000-kvp 
x-rays. 

3) It’s an excuse to tick off a few 
film names you might like to know 
about. No. 2 is one of the main 
threads for Hollywood’s loom of 
glamour and glory. No. 3 is sheet 
film with good tone rendition for 
monochrome subjects, slow enough 
for processing by inspection under a 
relatively bright Series 1 Safelight. 
No. 4 is the basic sheet film for 
black-and-white photomicrography. 
No. 5 has sensitivity out to nearly 


10,000A and comes in widths up to 
914” and lengths up to 390 feet. No. 
6 is 16mm and 35mm film for re- 
cording repetitive patterns from 
green-emitting c-r tubes, unaffected 
by reddish cathode glow. No. 7 is 
the world’s No. | film for aerial pho- 
tography. No. 8 is a sheet film that 
gives either inky blackness or diaph- 
anous clarity and nothing much be- 
tween. And No. 9 provides 16mm or 
35mm sanctuary for records by the 
billions. 

For more detailed information on the 
radiation sensitivity of more Kodak films, 
write Eastman Kodak Company, X-ray 
Division, Rochester 4, N. Y., who hope 
that the only film ever given an oppor- 


tunity to soak up roentgens will be 
Kodak X-ray Film. 


Here’s how 








Here is how to carve a microscopic 
bit of a semi-conductor like ger- 
manium or silicon into as intricate a 
structure as you need to beat a 
complex vacuum tube at its own 
game: 

Draw up the pattern nice and big 
with India ink. Photograph it down 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 


its divisions are ... serving laboratories everywhere 





______Kedak reports to laboratories on: 


some information we hope you'll use and some we hope you won't... how to 
carve a fancy design on a microscopic bit of semi-conductor 


to a stencil of desired size with a 
good lens (like a Kodak Process 
Ektar Lens) on a virtually grainless, 
all-or-none material (like Kodalith 
Ortho Film or, for really tiny work, 
a Kodak High Resolution Plate). 

Saw out a blank of the semi- 
conductor crystal. Lap and polish 
it, finishing up with 0.5y grid-size 
diamond paste. Etch off the remain- 
ing few microns of work-strained 
layer. Wash in trichioroethylene, 
rinse in distilled water, and dry. 

Avoiding daylight or ultraviolet, 
filter a littlke Kodak Photo Resist. 
With it, coat the polished semi- 
conductor surface thinly. Dry under 
a heat lamp. Hold the stencil tight 
against the semi-conductor by vac- 
uum. Expose to an arc lamp. Im- 
merse in Kodak Photo Resist De- 
veloper. Take out. Put on a few 
drops of Kodak Photo Resist Dye to 
make the developed image visible. 
Hold under a stream of tepid dis- 
tilled water to wash away the resist 
where the dark portions of the 
stencil shielded it. Pull up the 
window shades. Blot off the surface 
moisture. Inspect the pattern with a 
microscope. If OK, bake for a few 
minutes to harden the resist. Let 
an etchant suitable to the specific 
semi-conductor remove it to any 
required depth in those areas where 
there is no resist left to resist. 

Over the whole, deposit a metal 
electrically, chemically, or by evap- 
oration. Immerse in 2-Ethoxyethyl 
Acetate* for 10 minutes and gently 
swab. This solvent, undeterred by 
the overlying metal film, removes 
the remaining resist. 

There’s your little triumph in 
applied solid state physics, com- 
plete with electrodes. 

This is basically Bell Telephone Lab- 
orwtories’ idea; not ours. All we did was 
to suggest Kodak Photo Resist. Ap- 
parently it was a good suggestion. Any- 
body else who wants any suggestions 
about the Kodak products involved can 
write Eastman Kodak Company, Graphic 
Reproduction Division, Rochester 4, 
| > 2 


* Available as Eastman Organic Chemi- 
cal No. P2378 at $2.05 for 1 kg. from 
our division, Distillation Products In- 
dustries, Rochester 3, N. Y. 


Price quoted is subject to 
change without notice. 
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Variable Speed 


LABORATORY SHAKER 


with 


MECHANICAL 
SPEED 
CONTROL 





MODEL NO. 75-683 he 


$205.00 


Now you can have reproducible, continuous, constant 
speed shaking with the Eberbach mechanical speed 
control regardless of fiuctuations in line voltage and 
load variations. A special belt-driven variable pitch 
pulley system which is operated manually by a hand 
wheel and locking nut gives platform oscillations from 
65 to 240 per minute, each 1%” in thrust. Constant 





| speed, 1725 r.p.m. split phase induction motor operates 
| continuously at full speed and maximum torque. Also 
| available with flask carriers. 
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The State Department’s Opportunity in Science 


Five years ago the Department of State appointed a science adviser in 
Washington and a small number of scientists to serve as attachés in the 
United States embassies in several western European capitals. The positions 
still exist, but every one is now vacant. The science adviser left 2% years 
ago, and the last science attaché came home a few weeks ago. No effort is 
being made to recruit successors. 

Yet the program had a good start and was growing in value. The men 
who served as science attachés were recognized scientists. Probably most of 
them did not remain long enough to attain full effectiveness, although fairly 
rapid turnover was expected. Even so, reports of their accomplishments ap- 
parently convinced the Bureau of the Budget and the Congress that the 
positions should be continued, and money was appropriated for this purpose 
in every year since the positions were established. We understand that the 
range of work in the science adviser’s office—which still exists even though 
there is no science adviser—has widened and that the volume has increased. 

Responsibility for the present situation lies in the Department of State 
itself. Officers of the department have been considering whether the system 
should be continued and the form and auspices under which it could work 
most effectively. One possibility is to transfer the science attachés to the 
Central Intelligence Agency. This was the recommendation of the Hoover 
Commission. Transfer of science attachés to that agency would mean a 
complete shift of function to straight intelligence collection and away from 
advisory services in the conduct of foreign relations. In sharp contrast with 
many excellent recommendations of the Hoover Commission, this one seems 
to us to be completely wrong and probably to arise from a misrepresentation 
of the attachés’ functions. . : 

As originally planned, the science attachés were expected to facilitate the 
flow of scientific information, to serve as official scientific representatives 
of the United States, and to advise the Department of State and the em- 
bassies on matters that affect foreign relations. While the ‘ icilitation of the 
flow of information may appeal to many scientists as the most important 
of these responsibilities, the main function has been advisory. 

In today’s world, foreign affairs are multifaceted. Questions concerning 
public health, sanitation, natural resources, atomic energy, aviation, engi- 
neering, or other scientific and technologic matters are involved in many 
of the decisions concerning treaties, international organizations, and other 
international arrangements. Scientific information is only one of the bases 
for making policy decisions, but those decisions can be better made if all 
of the relevant information is considered than if one important area is 
neglected. Whenever scientific and technologic elements are significant for 
foreign relations, they should be brought to the attention of the embassies 
and the Department of State and be weighed with political, economic, and 
other relevant factors. 

By failing to appoint a science adviser and science attachés, the Depart- 
ment of State is depriving itself—and the country it represents—of one of 
its authorized assets—D. W. 
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Magnetic Moment 


of the Electron 


I must say, and with’ considerable re- 
gret, that I am not a theoretical physicist. 
A penetrating analysis of the part that 
the discovery and measurement of the 
anomalous magnetic moment of the elec- 
tron has played in the development of 
certain aspects of contemporary theoreti- 
cal physics must be left to the group of 
men who have in recent years devised the 
theoretical structure of quantum electro- 
dynamics. My role has been that of an 
experimental physicist who, by observa- 
tion and measurement of the properties 
and operation of the physical world, sup- 
plies the data that may lead to the for- 
mulation of conceptual structures. The 
consistency of the consequences of a con- 
ceptual structure with the data of physi- 
cal experiment determines the validity of 
that structure as a description of the 
physical universe. 

Our early predecessors observed nature 
as it was displayed to them. As knowledge 
of the world increased, however, it was 
not sufficient to observe only the most 
apparent aspects of nature to discover 
its more subtle properties; rather, it was 
necessary to interrogate nature and often 
to compel nature, by various devices, to 
yield an answer concerning its function- 
ing. It is precisely the role of the experi- 
mental physicist to arrange devices and 
procedures that will provide information 
that will enable us to make quantita- 
tive statements concerning the properties 
and behavior of nature. It is in this spirit 
that I will discuss here my participation 





Dr. Kusch is professor of physics at Columbia 
University. This article is based on a lecture that 
he gave when he was awarded the Nobel prize in 
physics for 1955, a prize that he shared with Willis 
E. Lamb. It is published here with the permission 
of the Nobel Foundation. Dr. Lamb’s lecture will 
appear in a subsequent issue. 
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in a sequence of earlier experiments that 
made possible the precision determina- 
tion of the magnetic moment of the elec- 
tron. I will then discuss the experiments 
themselves—the experiments that have 
yielded our present knowledge of the 
magnetic properties of the electron. 


Atomic and Molecular Beams 


Research with atomic and molecular 
beams has had a long and fruitful record 
in the history of the growth of our pres- 
ent knowledge of matter. The experi- 
ments that I shall discuss are some in 
which the method of atomic and molecu- 
lar beams is used essentially as a spectro- 
scopic device for the observation of spec- 
tral lines in the range of frequencies 
within which power may be generated by 
electronic means. The general principles 
of radio-frequency spectroscopy by the 
method of molecular beams were first 
described by Rabi and a group of his 
coworkers (1) of which I was fortunate 
to be a member. It is here sufficient to 
say that a transition between energy lev- 
els may be observed through the circum- 
stance that the magnetic moment of an 
atom or molecule may be changed in a 
transition. The method is characterized 
by a very high-potential resolution; in 
many observations of the frequency of a 
line, an accuracy of better than | part 
in 1 million has been achieved. It is of 
particular value as a tool in the investi- 
gation of the details of interactions within 
atoms and molecules because small in- 
teractions appear as first-order effects 
rather than as small superpositions on the 
relatively enormous energies that char- 
acterize optical spectra. 


SCIENCE 


Electron Properties 


The fact that the electron has a spin 
of 2 and a magnetic moment at least 
approximately equal to 1 Bohr magneton 
has long been recognized. Uhlenbeck and 
Goudsmit first postulated these proper- 
ties of the electron to explain the fine 
structure in atomic spectra and what has 
been called the anomalous Zeeman ef- 
fect (2). An enormous body of evidence 
has given ever-increasing support to these 
postulates. The relativistic Dirac theory 
of the electron assumed a particle that 
was endowed with the properties of mass 
and charge. The spin and magnetic mo- 
ment postulated by Uhlenbeck and Goud- 
smit were then found to be a consequence 
of the relativistic invariance of the Dirac 
equation. Indeed, one of the great tri- 
umphs of the Dirac electron theory was 
the prediction of these postulated electron 
properties, The spin and moment of the 
electron were thus removed from the 
realm of ad hoc assumptions, justified 
by experimental evidence, to the realm 
of an integral part of quantum theory. 
The Dirac electron theory did not, how- 
ever, consider the interaction of the quan- 
tized electromagnetic field with the elec- 
tron. 

I shall talk of the measurement of the 
g value rather than the magnetic moment 
of the electron. The g value is, as usual, 
the negative ratio of the magnetic mo- 
ment in terms of the Bohr magneton p, 
and the angular momentum in units of 
h/2x. Since, in all cases here under dis- 
cussion, the angular momentum of the 
system is known, the moment can im- 
mediately be obtained from the g value. 
The most elementary of the g values, g,, 
is that associated with the orbital motion 
of the electron. Its value is 1 within small 
and calculable corrections. The electron 
also has a magnetic moment by virtue 
of its angular momentum about a spin 
axis. The g value associated with the spin, 
2g, is the quantity here under investiga- 
tion; a value of 2 was obtained for it in 
the Dirac electron theory. Now the elec- 
trons in an atom have both spin and or- 
bital angular momentum. To the total 
electronic angular momentum J, we as- 
sign the g value g,. The atom contains a 
nucleus that may have a nuclear angular 
momentum and hence a nuclear magnetic 
moment. The nuclear g value, gy, is 
designated as gp in the special case when 
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the nucleus is a proton. To the total an- 
gular momentum of the atom we assign 
the g value gp. 


Early Measurements 


The earliest measurements by the 
molecular-beams magnetic resonance 
method were undertaken by a group, of 
which I was a member, that worked in 
Rabi’s laboratory and under his direc- 
tion (J). The measurements consisted of 
the determination of nuclear g values by 
the observation ina molecule of the nu- 
clear resonance frequency in a classically 
determined magnetic field. Even in the 
great national laboratories dedicated to 
the maintenance of physical standards, a 
precision of only about 1 part in 40,000 
has been achieved in the measurement of 
a field (3). In a well-equipped labora- 
tory that lacks the equipment and tradi- 
tion of meticulous intercomparison of 
electric standards, a precision of perhaps 
Vy, percent may be achieved in the deter- 
mination of the magnitude of a field. 
While ratios of nuclear g values may be 
found without an explicit knowledge of 
the field, the accuracy of the determina- 
tion of a nuclear moment in terms of the 
Bohr or nuclear magneton is limited by 
the uncertainty in the measurement of a 
field as well as by the. uncertainties in a 
prior measurement of the Bohr or nuclear 
magneton. Thus, the desirability of a 
direct measurement of a nuclear g value 
in terms of the Bohr magneton is ap- 
parent. 

The molecular-beam magnetic reso- 
nance method was originally applied to 
the determination of the nuclear g values 
in molecules that did not have a net elec- 
tronic orbital or spin angular momentum. 
It is, however, possible to apply the 
same experimental techniques to an in- 
vestigation of the hyperfine structure of 
atoms. If we observe transitions between 
the various F levels at zero or very low 
magnetic field, the hyperfine structure 
separation may readily be found. At a 
higher magnetic field, the observation of 
the frequency of transition between mag- 
netic sublevels yields again the zero-field 
hyperfine structure splitting, the quantity 
gjtpH/h, and the quantity gy/g,, al- 
though the latter quantity can be found 
with only limited precision. The group 
of which I was a member at Columbia 
made the first such studies on the com- 
monly occurring isotopes of the alkali 
atoms and determined the magnetic hy- 
perfine structure interaction constants of 
the alkali atoms (4). Extensive subse- 
quent work in the observation of atomic 
hyperfine structure has, of course, been 
done in many laboratories with results 
of great interest in the study of higher 
order moments in nuclei and of the prop- 
erties of radioactive nuclei. The alkali 
atoms were particularly adaptable to the 
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original experimental work first because 
the beams of the atoms may readily be 
produced and detected and second be- 
cause they occur in *S,,2 states, almost 
wholly free of perturbation by other 
states. 

The possibility of measuring the mo- 
ment of a nucleus in terms of the Bohr 
magneton is a consequence of the possi- 
bility of observing both nuclear resonance 
in molecules with a frequency gyt)H/h 
and transitions among the magnetic com- 
ponents of hyperfine structure levels for 
which the dependence of frequency on 
field is of the order of gju,H/h. Millman 
and I then addressed ourselves to the 
problem of measuring the moment of the 
proton in terms of the electron spin mo- 
ment (5). The experimental problems 
were considerable and arose from three 
factors. 

The first of these was related to the 
fact that the effective moment of a mole- 
cule of zero electronic angular momen- 
tum is of the order of a nuclear magneton 
while that of an atom is of the order of 
a Bohr magneton. Deflecting fields that 
allow the observation of a change in tra- 
jectory of a molecule in which a hydrogen 
nucleus has undergone a transition will 
deflect an atom through unmanageably 
large excursions if the field is arbitrary. 
However, all atoms in which magnetic 
hyperfine structure occurs and in which 
the spin of the nucleus is greater than 1/2 
have, in certain states, zero magnetic 
moments at definite values of the mag- 
netic field, which may be very high. 
Atoms in such states may thus traverse a 
carefully adjusted inhomogeneous field 
without catastrophic deflections; and a 
transition from such a state may at once 
be detected because the terminal state is 
generally characterized by a large mag- 
netic moment. Thus, it is possible to 
choose the deflecting field in such a way 
that a change in the spin orientation of 
a nucleus in a molecule and a transition 
among the magnetic levels of the hyper- 
fine structure may both be detected. 

The second of our experimental prob- 
lems was related to the production of a 
beam of molecules that contained hydro- 
gen and, simultaneously, an alkali atom, 
which was requisite for the detection of 
beams by the techniques then available 
to us. Since atomic lines were to be ob- 
served at the same field as nuclear re- 
sonance lines, the simultaneous produc- 
tion of a beam of alkali atoms was 
necessary. We used beams of sodium and 
potassium hydroxides evaporated from 
silver ovens and noted that, at the tem- 
peratures required to generate a beam of 
the hydroxide, the reaction between an 
alkali halide and metallic calcium pro- 
ceeded at such a rate that a convenient 
beam of atoms appeared. 

The third experimental problem was 
associated with the need of applying to 
the same circuit, in succession, two fre- 


quencies that differed by as much as a 
factor of 70 and with the prewar diffi- 
culty of generating sufficient power at 
high radio frequencies. 

Extensive intercomparison of the fre- 
quencies of the resonance line of the pro- 
ton and of lines in the hyperfine struc- 
ture spectra of sodium, rubidium, and 
cesium—for each of which a prior deter- 
mination of the interaction constants had 
been made—led to a determination of 
the ratio of the proton moment and the 
spin magnetic moment of the electron in 
the calibrating atoms, which we, of 
course, assumed to be the Bohr magne- 
ton. The magnetic moment of the proton 
in terms of the nuclear magneton that 





was found on the basis of the assumption 
that the spin moment of the electron was 
indeed the Bohr magneton differed from 
the moment as determined from the 
measurement of a frequency in a classi- 
cally determined field by about 0.1 per- 
cent. When, at a much later date, it was 
found that the spin magnetic moment of 
the electron deviates from the Bohr mag- 
neton by the order of 0.1 percent, the 
direction of the deviation in the older 
experiment was examined. It is perhaps 
a good commentary on the hazards of 
experimental physics that no significant 
effect had escaped us but that the error 
in the mutual inductance which we had 
used in the calibration of the magnetic 
field was of the order of 0.2 percent 
rather than 0.1 percent. 

After World War II, Nafe and Nel- 
son, working with Rabi, made the first 
of the measurements of the hyperfine 
structure splitting of hydrogen in the 
ground state (6). Now the hyperfine 
structure of hydrogen may be calculated 
explicitly in terms of the magnetic mo- 
ment of the proton, the spin magnetic 
moment of the electron, and the elec- 
tronic wave function at the- nucleus 
However, a discrepancy of about 4 per- 
cent was noted between the observed 
and predicted magnitude of the hyper- 
fine structure splitting when the value 
of the proton moment found by Mill- 
man and’ me was used. The assumption 
that the spin moment of the electron 
is 1 Bohr magneton enters into the cal- 
culation twice—first as an intrinsic prop- 
erty of the electron and second in the 
calculation of the proton moment from 
the observed ratio of the proton moment 
and the spin moment of the electron. The 
discrepancy led Breit to suggest (7) that 
the electron may possess an_ intrinsic 
magnetic moment greater than p, by the 
order of av,, where a@ is the usual fine 
structure constant, 


Anomalous Magnetic Moment 


The question of the existence of an 
anomalous magnetic moment was then 
investigated in detail by Foley and me 
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8). In this inquiry, as in all others con- 
ducted in the atomic and molecular 
beams laboratory at Columbia Univer- 
sity, we profited by Rabi’s advice. The 
procedure that we employed made use of 
the fact that the g, value associated with 
a state is a linear combination of the 
electronic orbital and spin g values, gy, 
and gg and that this combination is dif- 
ferent for different states. That is, there 
is a contribution to the total electronic 
magnetic moment of an atom both from 
the orbital motion of the electrons and 
from the spin of the electrons; the con- 
tribution from each of these factors is de- 
pendent on the state of the atom. Since 
we considered only atoms with single 
electrons outside closed shells, Russell- 
Saunders coupling is a good approxima- 
tion and the coefficients that relate the 
various g values are known. The ratio of 
the g,; values of two atoms that occur in 
different spectroscopic states yields g/g, 
to an accuracy limited by the precision 
of observation and the precision with 
which the coefficients relating the various 
g values are known. 

The intercomparison of g values to 
obtain a value of gg can only be made if 
atoms in several different spectroscopic 
states are available for observation. After 
our first investigation of the hyperfine 
structures of the alkali atoms, all in the 
*Si/2 State, Hardy and Millman (9) 
studied the hyperfine structure of indium 
in the ?P,,. state. Just after the war, 
Becker and I (70) determined the inter- 
action constants that characterize the hy- 
perfine structure of both the isotopes of 
gallium in the #P,,. state. Gallium 
atoms in the excited and metastable 
°P, 2 state also occur in an atomic beam, 
and it was possible to determine the in- 
teraction constants for both isotopes in 
this state as well. We thus had available 
for study atoms in three different spec- 
troscopic States. 

In principle, the determination of the 
ratio of two gy values is simple. Suppose 
we observe transitions for which F is con- 
stant and m, changes by + 1 for two dif- 
ferent atoms or for.the same atom in two 
different states. To the extent to which 
strictly low field conditions prevail, all 
lines in a given F state have the same 
frequency, and the ratio of the frequen- 
cies of such lines in two different states 
at a fixed field is simply the ratio of the 
gy values. From this ratio, the ratio 
2g/g,, for the electron may readily be 
derived with some additional knowledge 
of the properties of the nucleus in each 
atom. However, the hyperfine structure 
splitting of atomic states is generally 
small (from 200 to 20,000 megacycles per 
second ) and the energies of the levels are 
far from linearly dependent on magnetic 
field at usefully high fields, Nevertheless, 
it is possible to obtain expressions for the 
energies of all levels in the hyperfine 
structure in terms of the zero field hyper- 
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Table 1. Observed ratios of atomic g values and the corresponding values of gs/gc. 





Comparison Nominal 
gs (*PspGa) /gs(*PieGa) 2 
gs (*SipNa)/gs(*PseGa) 3 
gs (*S1p2Na) /gs(*Ps2In) 3 


fine structure splitting, the ratio gy/g,, 
and the quantity g;t)H/h, or, where 
such expressions cannot be explicitly 
found, to determine the energies from 
the appropriate secular determinants. 
From the observed frequencies of appro- 
priate lines and with a prior knowledge 
of the interaction constants which char- 
acterize an atom in the state in question, 
it is then possible to determine g ;1)H /h. 
Measurement of this quantity at the 
same field for atoms in two different 
states yields, at once, the important ratio 
£s/Z,- The determination is independent 
of a knowledge of the magnetic field and 
of any fundamental constants. 


Experimental Details 


It is, perhaps, worthwhile to remark on 
some experimental details. The field in 
which the transition frequency was meas- 
ured was so chosen that all the observed 
lines had a frequency of the order of 1 
megacycle per second, per gauss. To 
avoid excessive distortion of the lines 
due to inhomogeneity of the field, a great 
deal of adjustment of the field was re- 
quired before the lines approximated in 
width their theoretical value. 

Special arrangements were made to 
allow the rapid interchange of ovens so 
that lines of different atoms could be 
measured in rapid succession. A consid- 
erable number of oscillators was required 
so that several frequencies which differed 
by large factors could be applied to the 
radio-frequency circuits that induced the 
transitions. Although the lines should, in 
principle, be measured at a fixed if un- 
known field, the actual measurements 
were made in a field that varied mono- 
tonically throughout a series of observa- 
tions. The variation of field has the an- 
noying effect of requiring a large body of 
data to establish the frequencies of two 
or more lines at a fixed field, but it also 
aids in avoiding repetitive errors that may 
occur when a reading of a fixed quantity 
is repeated. 

Three intercomparisons of g, values 
were made in these experiments. The re- 
sults are given in Table 1. 

It is to be noted that the ratio gg/g;, 
which has been determined has been 
found from the ratio of the g, values on 
the basis of the assumption that the cou- 
pling is Russell-Saunders coupling. 
Hence the deviation of the ratio g/g, 
from its nominal value of 2 as deter- 
mined from any pair of atoms or any pair 





Observed 


2(1.00172 + 0.00006 ) 
3 (1.00242 + 0.00006 ) 
3 (1.00243 + 0.00010) 


Bs/ gt 





2(1.00114 + 0.00004) 
2(1.00121 + 0.00003 ) 
2(1.00121 + 0.00005 


of states does not constitute clear evi- 
dence that the spin moment of the elec- 
tron is other than 1 Bohr magneton be- 
cause of the possibility of occurrence of 
significant perturbations of the states. 
Theoretical arguments, however, indicate 
that such perturbations must be small. On 
experimental grounds, the agreement of 
the ratio obtained in three different ways 
from different atoms in different spec- 
troscopic states offers overwhelming evi- 
dence that the spin momint of the elec- 
tron does indeed differ from its nominal 
value by the indicated amount. The dis- 
crepancies between the three values of 
the ratio may, however, arise from per- 
turbations of the indicated energy levels. 

A later intercomparison of the g, val- 
ues of the alkali atoms and a comparison 
of the g, value of potassium and hydro- 
gen has demonstrated that the g, values 
of the three alkali atoms of lowest atomic 
number are indeed equal to the spin g 
value of the electron to within 1 part in 
40,000. A further intercomparison by 
Mann and me (//) of the g, values of 
indium in the ?P,,, and *P;,,. states has 
given further confirmation to the inter- 
pretation of the discrepancy between a 
measured ratio of g, values and the 
nominal value. 

The experiments that have been de- 
scribed were performed ata field of 
about 400 gauss. In a wholly independent 
series of experiments, Taub and I (/2) 
determined the ratio of the g, value of 
indium in the ?P,,, state and that of 
sodium in the #S,,, state by observations 
of lines in the hyperfine structure spec- 
trum at fields that ranged from 3300 to 
12,000 gauss. The method was to deter- 
mine the nuclear g value of the proton 
in an alkali hydroxide in terms of the g, 
values of indium and sodium. The result, 
insofar as it concerns the proton, is of no 
further interest here in view of the highly 
refined experiments which have been 
made in later years that allow the precise 
and direct determination of the nuclear 
g value of the proton in terms of both the 
nuclear and the Bohr magneton. The 
result, however, is of interest because it 
yields again the ratio of the g, values in 
two different states on the basis of meas- 
urements at fields which differed from 
those in the earlier experiments by an 
order of magnitude. We found that 


gs/gr = 2(1 +0.00119) 


We may therefore conclude on the basis 
of all evidence that the electron does in- 
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‘intrinsic” or “anomal- 


deed possess an 
ous” magnetic moment over and above 
that deduced from the Dirac theory and 
whose magnitude is very close to 0.119 
percent of the Bohr magneton. 


Theoretical Interpretation 


Perhaps it is well, at this point, to 
make a brief statement of the theoretical 
status of the spin magnetic moment of 
the electron. Soon after the publication 
of our first results, which gave substance 
to the assertion that the electron does 
have an anomalous moment, Schwinger 
(13) gave a result, based on new pro- 
cedures in quantum electrodynamics, 
that 


gs/gu=2(1+a/2x) =2(1.00116) 


The result is in excellent agreement with 
experimental measurements of the same 
quantity. The effect of the increased elec- 
tron moment arises essentially as a con- 
sequence of the quantization of the elec- 
tromagnetic field which always has a 
residual zero-point amplitude. Although 
the existence of this field had previously 
been recognized, it had not been possible 
to deal with the interaction prior to the 
formulation of contemporary quantum 
electrodynamics. The importance of the 
observation of the anomalous magnetic 
moment of the electron is in part in the 
demonstration that the procedures of 
quantum electrodynamics are, in fact, 
satisfactory in formulating a description 
of nature. 


High-Precision Measurements 


It is obvious that a more detailed study 
of the magnetic moment of the electron 
than that described thus far was desir- 
able. The objective of a more extended 
investigation lies in the avoidance of 
theoretical difficulties in the interpreta- 
tion, to a high precision, of the electronic 
g values of complex atoms. In the ab- 
sence of substantial difficulties of inter- 
pretation, the very great precision of 
which spectroscopy by the method of 
atomic beams is capable may be used to 
obtain results of sufficient precision to 
test the validity of the calculations of 
quantum electrodynamics when they are 
made to a higher order than those origi- 
nally made by Schwinger. 

Barring only a measurement of the 
spin moment of the free electron itself, 
the best measurement that one may hope 
to make is on the electron in the hydro- 
gen atom. In this atom in the ground 
state, the electron has no orbital angular 
momentum and hence there is no contri- 
bution to the electronic magnetic mo- 
ment from the orbital motion. The entire 
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electronic magnetic moment arises from 
the spin moment of the electron. Koenig, 
Prodell, and I (74) have determined the 
ratio of the electronic g value g, of the 
hydrogen atom and the nuclear g value 
of the proton by experimental procedures 
to be described. To a very high order of 
accuracy, g, is equal to gy’, the spin g 
value of the electron bound in the hy- 
drogen atom. The value of g,’ differs 
from gg of the free electron through a 
small relativistic effect of about 18 parts 
per million. Corrections due to a mixing 
of states and relativistic effects are well 
known and do not limit the accuracy 
with which the ratio gg/gp may be de- 
termined at the present time. Gardner 
and Purcell (1/5) have measured thi 
ratio 2g,/gp of the cyclotron frequency 
of the electron and the precession fre- 
quency of the proton in a magnetic field 
to an accuracy of about 1 part in 80,000. 
Our result, when combined with that of 
Gardner and Purcell, yields gg/g,. 

As a preliminary procedure, Prodell 
and I (16) determined the hyperfine 
structure separation of hydrogen with 
high precision. A subsequent investiga- 
tion by both Wittke and Dicke (17) and 
by us (1/8) indicated an excessively opti- 
mistic estimate of the uncertainty. How- 
ever, the value of the zero field hyperfine 
structure splitting of hydrogen that we 
used was sufficiently good to contribute 
no error to the value of g;/gp that was 
comparable to other uncertainties. 

The apparatus designed for the pur- 
pose of these experiments had for the 
magnet that determined the transition 
frequencies one with a much better field 
homogeneity than that which usually 
characterizes the magnets used in atomic 
beams experiments, Ordinarily in an 
atomic beams apparatus, the magnet that 
determines the splitting of the levels is 
internal to the vacuum system. This ar- 
rangement permits small magnet gaps 
to be used and hence the production of 
large fields with electromagnets of mod- 
erate dimensions and power consump- 
tion. The use of a small gap, however, 
leads to a considerable hazard of field 
inhomogeneity. In the present case, the 
magnet was external to the vacuum en- 
velope, the pole faces were of large di- 
ameter to reduce edge effects, and the 
magnet could be carefully shimmed after 
each change of externally imposed ex- 
perimental parameters and from day to 
day to give good homogeneity in the vol- 
ume within which transitions were ob- 
served. The deflecting magnets consisted 
of current-carrying conductors rather 
than the iron magnets that have become 
conventional in atomic beams experi- 
ments. This choice was made because 
of the smaller distortion of the transition 
field by current-carrying conductors than 
by massive blocks of iron. 





Results 


The experiment involved the measure- 
ment of the frequency of transition be- 
tween the levels m =0 and m=-1 in the 
state for which F = 1 alternately with the 
proton resonance frequency in the same 
magnetic field. The frequency of the first 
of these lines is of the order of 3600 
megacycles per second at a field of 1500 
gauss. The frequency of the proton reso- 
nance line is about 6.5 megacycles per 
second at the same field and is found by 
the methods of nuclear resonance in the 
same region of space as that traversed by 
the beam. An important component of 
the equipment is a device that can in- 
sert a cylindrical sample of water or 
mineral oil into a region as closely coin- 
cident as inherent limitations permit to 
that in which the atomic line has been 
observed. Various small corrections re- 
lating to the residual inhomogeneity of 
the field, bulk diamagnetism of the mat- 
ter in the cylindrical sample that we em- 
ployed, the presence of paramagnetic 
ions when we observed the resonance in 
water, and the differential internal dia- 
magnetic shielding between oil and water 
must be applied. 

We found that 


g./ge =— 658.2171 + 0.0006 


where gp is the nuclear g value observed 
in a spherical sample of mineral oil. It 
is to be noted that this is only an appar- 
ent value of gp because the externally 
applied field is modified by the internal 
diamagnetic shielding of the proton by 
the electrons in the molecules containing 
the proton. It is, nevertheless, of value 
to give the result in this form since the 
ratio 2g,/gp measured by Gardner and 
Purcell also refers to a spherical sample 
of mineral oil. 

Application of a small relativistic term 
yields gg, the spin g value of the electron 
in terms of gp: 


gs/gr = — 658.2288 + 0.0006 


The combination of this result with that 
of Gardner and Purcell 


2g:/gr = — 657.475 + 0.008 
yields 
gs/g. = 2(1.001146 + 0.000012) 


where the principle uncertainty arises 
from the result of Gardner and Purcell. 
Since g;, equals 1, we can write 


gs = 2s = 2( 1.001146 + 0.000012) 


where p, is the spin magnetic moment of 
the electron in terms of by. 

The same result has subsequently been 
obtained by Beringer and Heald (19), 
who used a different experimental 
method involving, for atomic hydrogen, 
a microwave absorption technique and, 
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for the observation of the proton reso- 
nance frequency, the usual nuclear reso- 
nance technique. The primary result ob- 
tained by them was 


g./gr =— 658.2181 + 0.0003 


In view of the stated uncertainties and 
the possibility of differences in the in- 
ternal diamagnetic shielding in different 
samples of mineral oil, the agreement is 
good. Because of the limited accuracy for 
the result 2¢,/gp, the value of gg/gy, is 
not affected, within the range of its un- 
certainty, by the discrepancy in the two 
results. 


Conclusion 


It is interesting to examine the ratio 
of gg/g,, obtained by the sequence of ex- 
periments just described in light of the 
theoretical calculations of the electron 
moment. The result gives unambiguous 
evidence that the electron moment is 
anomalous and that the deviation of the 


moment from its nominal value is about 
o,/2x. Karplus and Kroll (20) have 
calculated to a higher order the radia- 
tive correction to the spin moment of 
the electron and have found for the spin 
g value 


ge = 2(1 + a/2x- 2.973 a®/x?) = 
2(1.0011454) 


The result of the experiment is in re- 
markable agreement with the calculation, 
especially since the uncertainty in the ex- 
periment is much greater than the dis- 
crepancy between the experimental and 
calculated values. The agreement offers 
conclusive evidence of the validity of the 
calculation to the order a and very strong 
support to the validity of the calcula- 
tions to the order a?, Thus the new pro- 
cedures of quantum electrodynamics— 
which have, perhaps, a questionable a 
priori validity—are demonstrated to be, 
in practice, valid for the interpretation 
of certain observed phenomena and, 
therefore, useful in the exploration of 
other aspects of the behavior of matter. 


Airborne Radioactivity 


Eizo Tajima and Tadayoshi Doke 


Artificial radioactivity, in addition to 
the natural activity in the atmosphere, 
has been observed after atomic bomb 
tests. Other investigations in this field 
might be in progress, but few articles are 
available. Relatively thorough documents 
have been published by M. Eisenbud and 
J. H. Harley on radioactive fallout in 
the United States (J, 2). The present 
report describes the results of measure- 
ments of airborne radioactivity in Japan 
from 16 March to 4 May 1955 (3). We 
could detect not only the radon and 
thoron daughter products but also arti- 
ficial radioactivity, including alpha emit- 
ters. The artificial radioactivity appears 
to have two or more components of dif- 
ferent origins. The correlation of the 
daily variation with meteorological con- 
ditions is shown. 

The air samplers used in this experi- 
ment were of the same type as the “coffee 
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pot” sampler that was presented to the 
Japanese Science Council by the United 
States at the Japan—United States Ra- 
diobiological Conference that was held 
in the fall of 1954. A fan draws the air 
through a No. 41 Whatman filter paper 
11 centimeters in diameter. The filter 
efficiency for normal dust is said to be 
high but it is not known for fine dust. 
Although a membrane filter has a higher 
efficiency for fine dust, it could not be 
used because the small air flow is not 
enough to cool the fan motor. 

The change in flow rate of the air 
was checked by an anemometer because 
clogging of the filter paper might de- 
crease it. The initial rate of the air flow 
was 27 cubic meters per hour; the rate 
did not change during the 24 hours of 
operation. On an average, the flow of the 
air for 24 hours of operation could be 
measured as 650 cubic meters with an 
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error of less than + 10 percent. Little dif- 
ference was observed among the three 
samplers that were used. 

The efficiency of the filter paper was 
checked at high humidity. A pair of sam- 
plers was made to draw the air through 
chimneys that were each 3 meters in 
length and 11.5 centimeters in diameter. 
One of the chimneys was furnished with 
a long water-filled boat and a Nichrome 
winding. After 4 hours’ simultaneous 
operation of both samplers, the natural 
radioactivity on the filter paper was 
measured, About 70 milliliters of water 
was evaporated during the period of 
operation. The cleaning efficiency of the 
filter paper in moist air was found to be 
only 4 percent greater than it was for 
ordinary air. 

The filter papers were ashed in a cru- 
cible and the beta radioactivity of the 
ash was measured by a conventional 
Geiger-Miiller counter with a mica win- 
dow. The counting efficiency was esti- 
mated at 16.6 percent from a 75-disinte- 
gration-per-minute substandard of Ra-E. 
The activity of all samples was meas- 
ured once a day for about 1 month to get 
the decay curve. Aluminum absorption 
curves of some samples of special inter- 
est were also run. 

For alpha measurements, a scintillation 
counter with adjustable sample-to-phos- 
phor distance was used. The counting 
efficiency for alpha particles of 5.3 Mev 
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was 16.7 percent with the afore-men- 
tioned Ra-E substandard, measured at 
a distance of 8 millimeters from the 
phosphor. The background was 2 counts 
per minute and remained constant. The 
range of alpha particles was measured by 
changing the distance between the phos- 
phor and the source; it was also meas- 
ured with an integral pulse discrimina- 
tor. 


Natural Radioactivity 


After the air sampler had been oper- 
ated for a few hours, natural radioactiv- 
ity was detected. From the decay curve, 
its apparent half-life was about 40 min- 
utes, which shows that the activity was 
due to radon daughter products. There 
were occasional slight changes in the de- 
cay curve; these were considered to be 
caused by a change in the concentration 
of the daughter products in the atmos- 
phere (4). 

When the sampling time was extended 
to more than 3 hours, the intensity of the 
activity reached saturation. On the basis 
of the saturation value and the flow rate 
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of the sampler, the radon daughter prod- 
ucts in the air were estimated to be of 
the order 10-*° curies per liter, assuming 
that they were in equilibrium (5). The 
concentration of the radon daughter 
products was larger at night than it was 
in the daytime because of temperature 
inversion (6). 

After continuous operation of the air 
sampler for 24 hours, activity with a 
half-life of 10 to 12 (ThB=10.6 hours) 
hours appeared in every case. The ratio 
of alpha- to beta-disintegration rates was 
about 0.5, which is compatible with the 
activity owing to thoron daughter prod- 
ucts (7). 


Artificial Radioactivity 


Daily variations in intensity as well as 
half-life were observed for the residual 
activity. Figure 1 shows the daily change 
in intensity. The date is plotted on the 
abscissa and the activity at 72 hours after 
sampling is plotted on the ordinate. This 
was enough time to insure that the natu- 
ral radioactivity had died out. The meas- 
urements covered the period from 16 
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Fig. 2. Log-log plots of the radioactivities. 


March to 31 May; many maxima were 
observed during this time. The error of 
the measurement was at most 20 percent 
except in a few cases that had a larger 
error because of instrument trouble. 
These cases are represented by hatched 
marks in Fig. 1. On 31 March, a simul- 
taneous sampling was made at Ichikawa, 
which is 20 kilometers from Tokyo, and 
the result was within the experimental 
error of the sampling at our university. 
Almost all the samples followed almost 
the same decay curve of a long half-life 
(about 25 days) ; the few exceptions were 
cases in which appreciable decrease in 
activity has not yet been observed. 

This activity may be attributed to arti- 
ficial radioactivity and not to naturally 
existing isotopes in the soil that might be 
concentrated on the filter paper. There 
are no natural radioisotopes whose half- 
life would fit the decay curve and which 
have the high specific beta activity that 
was found in the samples. Therefore, the 
nondecaying activity could be considered 
as aged fission products, and the decay- 
ing activity (25 days) could be consid- 
ered as fresh fission products or a mix- 
ture of the two. 

The aluminum absorption curve of the 
beta activity of 12 April measured 1 
week after sampling gave three compo- 
nents whose half-thicknesses were 2, 43, 
and 112 milligram per square centimeter 
of aluminum, while the analysis of the 
sample of 3 April at 5 weeks after sam- 
pling gave two components of half-thick- 
nesses 7 and 140 milligrams per square 
centimeter of aluminum. All the samples 
seem to belong to one of these two types, 
as shown in Table 1. The three compo- 
nent samples of the 12 April measure- 
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Table 1. Results of the measurement of airborne radioactivity. 
two component samples of the 3 April —- 











measurement. Alpha Energy of beta rays Esti 4 
Let us assume the intensity of the ac- Date of Beta activity baoie 
tivity follows the well-known relation- sampling activity on 2 May Halé- detonati 
ship (1955) (count/min) (count/ Date thickness - — _— 
30 min) (mg/cm*) (1955) 
1=Ate*~+* —- - — ——_——— - — —— ————— —— ——_ 
: 19 March 27 22 1 March 
. . . . 2 
where J is the intensity, A is the con- — on ne 54 5 1 ‘ si er 
stant, and ¢ is the time that has passed ; wa - ht . ' ra 
since nuclear fission took place (8). The . ag 
date of the detonation can be determined : ae na eo ‘a "s sad 7 one 
by plotting the points on a log-log graph, 8 yon 10 , . ° 
taking an appropriate ¢ so that a straight — . " = vr 
line of slope -1-3~~-1-4 may be drawn. ; oil ' ' , , wy 
However, in every case in the present ex- oe — - yt sg mee “ name 
: A i 13 April 50 76 8 May 2, 29, 150 29 March 
periment, the latter points deviated from 14 April 130 54 8 May 2 30, > 
a straight line as shown in Fig. 2 if the laid a aoe Fede 
ee eee 7 fo 15 April 100 9 May 10, 120 Before 
earlier points were aligned. This would . 1 e 
imply that the gross activity is composed 19 April 10 0 saan 
of two, or more than two, components a ee ‘ » 7 
: a : : 24 April 50 3 , 
of different origins. The date determined 17 a 55 : Zs red 1 4 a A an 
thus is the earliest possible date of the =o tte > P ah pe 
: 22 May 60 0 28 12, 200 25A 
latest detonation, and the dates of de- nit ~ — r = 


tonations are tabulated in Table 1 with 
this meaning. 


Alpha activity was measured on 2 May 
1955 by the scintillation counter and is 
shown in Table 1. There is very little 
possibility that the alpha activity should 
be attributed to radon or thoron daughter 
products or to natural uranium from the 
soil that might have been collécted on 


the filter paper. Daughter products are 
excluded because the measurement was 
made as long as a month after the sam- 
pling, and uranium is excluded by the 
fact that the uranium concentration in 
the soil would have to be from 0.01 to 
0.1 percent. This was verified by a meas- 


urement that showed no alpha activity 
in 40 milligrams of soil, which was twice 
as much as the average ash content of 
our samples. 


Discussion 








Although it was difficult to determine 

the cleaning efficiency of the Whatman 

: No. 41 filter paper for radioactive dust, 

” it seemed reasonable to assume that the 

é efficiency is, on the average, 40 percent 

for normal dust and 10 percent for the 

J small dust (5). Then the concentration 

WP of the radioactive dust of the fission prod- 

i 5 ucts in the air could be calculated as 

3 x 10°25 ~ 1.2 x 10 curies per liter on 

12 April; this is comparable to the con- 

centration of natural radioactivity of the 
atmosphere (J). 

As mentioned in a previous paragraph, 
two kinds of aluminum absorption curves 
i and two kinds of decay curves were ob- 

6 served. They have a tendency to corre- 
spond—that is, the beta activity that 
showed three components by absorption 
tended to decay faster than samples that 
showed two components. Moreover, when 
transition of the apparent half-life from 
the shorter to the longer period took 
place, a transition in the beta-ray ener- 
gies could also be observed, although 
there was some uncertainty in this obser- 
vation. This is one argument that the ac- 
a . tivity might have two or more compo- 


i | | nents of different origins. 


There were many cases in which the 

detonations could be considered to have 

Fig. 3. Trajectories of high atmospheric pressure on the day when the peak of activity taken place about 10 days before sam- 
appeared. Dates as follows: 7, 19 March; 2, 22 March; 3, 27 March; 4, 31 March; 5, 2 

April; 6, 12 April; 7, 21 April; 8, 24 April; 9, 27 April; 70, 30 April; 77, 3 May; 12, 9 


pling. These detonations might have 
been the series of tests in Nevada that 

May; 13, 17 May; 14, 20 May; 15, 22 May; 16, 28 May. 
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May 1955. It is possible for the activity 
to travel from Nevada across the Atlan- 
tic Ocean to Tokyo in about 10 days if 
the dust is carried by the jet stream with 
a speed of about 55 to 70 kilometers per 
hour. 

The meteorological phenomena that 
might have a correlation with the daily 
change of the activity of the fission prod- 
ucts are shown in Fig. 1 and Fig. 3. 
Although the reason is not clear, the 
average temperature seems to show a 
good correlation during April, but not in 
May. Rainfall might be expected to clean 
up the radioactive dust in the air; how- 
ever, it shows only a slight correlation, 


which implies that rainfall does not com- 
pletely clean up the contaminated air. 
The location of high pressure areas 
shows better correlation insofar as our 
present observation is concerned. Figure 
3 shows the trajectories of high atmos- 
pheric pressure centers during the period 
studied. When the activity shows a maxi- 
mum on the curve in Fig. 1, the trajec- 
tories passed through the neighborhood 
of Japan. On the other hand, when the 
activity was at a minimum, the trajec- 
tories diverged away from Japan without 
exception. The radioactive dust might 
have been carried by the jet stream 7 to 
10 kilometers above the ground, and the 


W. L. Bryan, Scientist, 


Philosopher, Educator 


On 8 July 1892, Clark University was 
the scene of an important scientific event. 
On that date the American Psychological 
Association was founded. Of the 31 origi- 
nal members of this new organization, 
not all were professional psychologists; 
among them were several psychiatrists 
and a number of philosophers. Even those 
who could technically be called psycholo- 
gists were not far removed from theolog- 
ical, philosophic, and academic-adminis- 
tration interests. 

Yet this organization signalizes for 
American psychology the establishment 
and growth of the laboratory tradition. 
This institutionalizing of experimental 
study has proved to be a powerful factor 
in the evolution of psychology toward a 
high peak of proficiency and perform- 
ance within the great family of sciences. 
Since the scientific enterprise is above 
all a persistent search for the nature of 
things, it may well be, and often is, car- 
ried out under widely different auspices. 
An organization, therefore, that fostered 
an accumulation of facts and techniques 
could not fail to produce a_ beneficial 
impact upon science in general. 

William Lowe Bryan was an effective 
participant both in the establishment of 
the American Psychological Association 
and in the direct development of scien- 
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tific psychology. He was a charter mem- 
ber of this association and in 1903 was its 
president. But this is only a symbol of his 
psychological interests. His more _inti- 
mate concern for psychology is to be 
found in his unique curriculum vitae. 

When psychology was first being de- 
veloped as a science in Germany, Dr. 
Bryan was among the early American 
students to study there. Later he became 
a pioneer in the experimental investiga- 
tion of the development of voluntary 
motor ability and the learning processes 
that are involved in attaining skill in 
telegraphic transmission and reception. 
In connection with his researches on tele- 
graphic language he worked out some of 
the earliest learning curves, which still 
find a large place in textbook literature. 
Dr. Bryan’s investigations became a 
model for a number of human-learning 
experiments. Even after retiring, at an 
advanced age, from his prolonged and 
successful administrative duties, he re- 
sumed work on the psychology of learn- 
ing a life occupation and published a 
monograph on this subject as recently 
as 1941. 

In addition to his own studies, Dr. 
Bryan, throughout his long life, actively 
supported psychology, as well as other 
scientific work. As founder of the psy- 


dust might have fallen to the ground 
along the trajectories of high atmospheric 
pressure. 
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chological laboratory at Indiana Univer- 
sity, as head of the philosophy and psy- 
chology department, and later as presi- 
dent of Indiana University, he constantly 
demonstrated his eagerness to promote 
psychological research, both morally and 
financially. 

Dr. Bryan, however, was by no means 
narrow in his interests. For example, he 
never relinquished his study of philoso- 
phy and published several volumes on 
Plato in collaboration with his wife, 
Charlotte Lowe Bryan. He also found 
time to add the promotion of education 
on a national scope to his program of 
university, local community, and state 
activities. For many years he acted as a 
trustee of the Carnegie Foundation for 
the Advancement of Teaching. 

As an administrator, Dr. Bryan was a 
living refutation of the frequently made 
statement that to become an administra- 
tor is to withdraw personally from sci- 
ence and scholarship. What he was un- 
able himself to perform he compensated 
for by making it possible for his col- 
leagues to achieve. He accomplished this, 
not only by personal encouragement and 
monetary aid, but by defending scientists 
and scholars from the attacks launched 
by vociferous bigots who presumed to 
dictate that their form of orthodoxy 
should be taught in institutions of higher 
learning. 

If the esteem a man commands in his 
community is any measure of greatness, 
Dr. Bryan achieved that distinction. By 
his gentle and frank manner, by his loy- 
alty to his principles, his duties and his 
vocation, and by his valued public ora- 
tions, William Lowe Bryan endeared 
himself deeply to many people. His death 
at the age of 95 is felt as a personal loss 
by a host of friends and admirers. 

J. R. Kantor 
Department of Psychology, 
Indiana University, Bloomington 


SCIENCE, VOL. 123 








—_— ——_____-+ 














R. Paget and 


Human Speech 


Richard (Arthur Surtees) Paget stud- 
ied formally at Eton and Magdalen 
College, Oxford, and entered law. His 
professional career holds limited interest 
to scientists, although it contributed to 
Sir Richard’s admir.istrative appointment 
to the Admiralty Board of Invention and 
Research in World War I. In this post 
his flair for avocational interests and his 
bent toward matters of science were re- 
warding. The interests that eventually 
led to major contributions included 
acoustics, phonetics, the sign language of 
the deaf, and, his avowed lack of infor- 
mation notwithstanding, linguistics. 

The searching inquirer who pursues a 
hobby beyond the level of the dilettante 
has some advantages over his more for- 
mally trained colleagues who hold the 
unofficial rank of specialists. He can be 
more daring. Sir Richard exemplified 
this favorable position both in his quest 
for information about speech and lan- 
guage and in the theoretical views that 
he postulated. Frequently in his Human 
Speech (1930) he recounted the steps 
that led him to noteworthy observations 
only to discover subsequently that he had 
confirmed or was in disagreement with 
the earlier work of an expert. 

Sir Richard’s interest in speech was 
comprehensive, encompassing essentially 
the communication system: the speaker, 
the language, and the receiver. These seg- 
ments, however, he explored unevenly, 
and only a few aspects will be singled out 
for mention here. 

Spectral analyses of the acoustic pat- 
terns of speech were made many times 
by ear prior to the electronic era. Paget, 
unaware of the earlier results, made yet 
another ear-analysis and formulated a 
systematic set of results that showed dual 
formants or frequency bands as typifying 
each vowel sound. The motivation for 
this analysis may have had roots in 
some observations and speculations about 
voices during his youthful college period, 
and was reinforced by practical! matters 


of acoustics during World War I, par- 
ticularly in connection with the subma- 
rine. The analysis was realized during a 
period of confinement in 1921. These re- 
sults anticipated the confirming descrip- 
tion of the sounds of English speech 
yielded by well-equipped laboratories. 

The investigator who takes apart the 
acoustic spectrum of speech is often 
moved to make the process work in re- 
verse, Aside from applied considerations, 
success in synthesizing speech tends to 
confirm both the rational planning and 
correctness in the execution of the ana- 
lytic steps. Any listing of “speech makers” 
from de Kempelen (1791) to a current 
generation of engineers in telephone and 
governmental laboratories and in univer- 
sities would include Paget. His observa- 
tions of two formants for each vowel led 
him to devise double-resonator models, 
and these proved capable of emitting 
vowellike sounds. 

Russell (Speech and Voice, 1931) 
tabulated the correct identifications that 
American listeners made while naming 
the artificial vowels generated by Paget 
with his series of resonator models. This 
intelligibility test yielded a range of val- 
ues from chance to 75 percent, with the 
errors clustering about vowel sounds that 
bore a close physiological correspondence 
to the intended ones. The production of 
synthesized sentences was more impres- 
sive than the production of isolated 
vowels, and Paget enlivened the meetings 
of several learned societies, including an 
International Congress of Phonetic Sci- 
ences (1932), by producing short sen- 
tences with little equipment, indeed, on 
some occasions, with no more than 
cupped hands and a reed. 

The rationale that suited both the ana- 
lyzing and synthesizing of the acoustic 


‘ patterns of speech accommodated as well 


a theory for the origin and development 
of speech. Paget advocated the theory 
that the roots of speech lay in universal 
gestures. Eventually these postures and 


movements of the body and hands were 
copied in the mouth and became singu- 
lar shapes of the oral cavity and of the 
ancillary bunched tongue. The incidental 
forming of front and back cavities (reso- 
nators) of varied sizes was fortuitous; 
they and the pipelike connector over 
the bunched tongue accommodated the 
formation of dual-formant vowels. A 
whispered accompaniment to the several 
positions of the mouth amounted to dis- 
tinctive acoustic “signs” that came to 
replace the significance of the visual 
gestures. The mobility of the gesture- 
making parts of the mouth facilitated 
the development of successive and com- 
plicated signs: words. This whispered 
speech, the basis for at least the Indo- 
European language, became vocal when 
man learned of the greater distance that 
vocalized signs would carry relative to 
whispered ones. 

Although Paget might have been con- 
tent to let his stake in the gesture theory 
rest on internal evidence offered by the 
European languages, his friends bolstered 
his case for him considerably by provid- 
ing confirming examples from Asiatic 
and Pacific languages. His “clincher” lay 
in a fabricated language. He conceived 
of an action or an object, tried to convey 
the essence of the “thought” by “hand 
and facial action.” He then transferred 
the movements to the mouth and whis- 
pered while making the gesture. The 
phonetic accompaniment of the gesture 
was transcribed and given to students of 
primitive languages who reported that in 
nine of ten instances near relatives of the 
artificial symbols are found in current 
primitive languages and are associated 
with the meanings conjectured by Paget. 

Paget’s further range of topics included 
abnormal speech (including postlaryn- 
gectomy talking), speaking horns, and 
language reform. His description of the 
production of esophageal speech is pene- 
trating. A reader today possibly finds the 
backward spanning of time too easy as 
he reads “modulated air stream” into 
automobile horns that were made to talk 
in the 1920’s, and as he notes strong hints 
of information theory, sans bits, in a de- 
scription of the evidences of inefficiency 
of the English language. 

Sir Richard died in October 1955 at 
the age of 86. Two years earlier he was 
president of the British Deaf and Dumb 
Association, continuing a scholarly inter- 
est in the production and the identifica- 
tion of signs in human communication. 

Joun W. Brack 
Department of Speech, 
Ohio State University, Columbus 


There are no gains without pains —BENJAMIN FRANKLIN. 
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News of Science 


CERN Progress in 1955 


The report on the work of the Euro- 
pean Organization for Nuclear Research 
(CERN) that was presented at the 
fourth session of the CERN Council 
19-20 Dec. covered the period February 
to November 1955. It is a record of con- 
siderable achievement and progress in 
all the various activities. In particular, 
schedules for both the machines and the 
buildings have been well maintained. 

For the proton synchrotron, the chief 
effort has been devoted to developing 
the component parts of the machine and 
investigating the European sources of 
equipment supply. The main orders for 
the magnet will be placed early in 1956 
and the facility is expected to go into 
operation in 1960. In the light of further 
experience, a reassessment of the cost 
of the machine (including the buildings) 
has given a figure of F. 86 million 
(Swiss). 

The smaller machine, the synchro- 
cyclotron, is at a more advanced stage. 
The erection of the magnet in its build- 
ing at Meyrin was started at the begin- 
ning of November. Nearly all the com- 
ponent parts of the synchrocyclotron are 
in the course of manufacture. Since this 
machine will be put into operation in 
1957, the research program for its use 
is now being planned. 

Instruments, mainly electronic in na- 
ture and in some cases of new design, 
and experimental methods to be used 
when the machines start working, have 
been developed during the year. The 
construction of the two Wilson cloud 
chambers is well advanced, and the first 
one has been assembled and is under- 
going preliminary tests. 

The CERN section in Copenhagen, in 
addition to carrying out fundamental re- 
search in nuclear physics, has continued 
its program for training young theoreti- 
cal physicists from member states. 

Two important budgetary measures 
were approved at the council meeting: 
the estimates for the financial year 1956, 
and the capital investment program for 
the period 1952-1960. The budgetary 
contributions for 1956 have been fixed at 
about F, 34 million (Swiss) as compared 
with a figure of F. 25 million for 1955. 
The coming year will be the period of 
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great activity—a general move to the site 
at Meyrin, the installation of the labo- 
ratories and workshops, and the develop- 
ment of the scientific program in relation 
to experiments with the machines. 

The staff, which is drawn from each 
of the 12 participating countries, will be 
increased by about 40 percent. It has 
grown rapidly in pace with the expan- 
sion of the organization and now con- 
sists of 285 persons. In 1956 it is ex- 
pected that the total staff will reach a 
figure of about 400. 


Albert Schweitzer 


An extensive collection of Albert 
Schweitzer memorabilia was placed on 
exhibition in the Princeton University 
Library on 14 Jan. in honor of Schweit- 
zer’s 81st birthday. The collection in- 
cludes samples of writings and commem- 
taries by others. The display also has 
photographs lent by Erica Anderson, co- 
author of The World of Albert Schweit- 
zer, showing the scientist at work in 
Alsace and Africa. 

Schweitzer’s publications, from 1898 
to his most recent work in 1955, are 
divided into sections representing New 
Testament scholarship, philosophy of 
civilization, music, medicine, philan- 
thropy, and autobiography. Also in- 
cluded in the exhibition is a selection of 
letters to Walter Lowrie of Princeton, a 
member of the class of 1880 who trans- 
lated one of Schweitzer’s books in 1913. 
The story of Schweitzer’s hospital at 
Lambaréné, French Equatorial Africa, 
is told in a series of reports printed and 
translated by his friends. 


Rockefeller Institute 
Graduate Program 


The Rockefeller Institute has recently 
announced the details of its plans for 
establishing a graduate academic pro- 
gram in the biological sciences [Science 
122, 279 (12 Aug. 1955)]. In November 
1954 the institute’s original charter was 
amended to permit granting the degrees 
of doctor of philosophy and doctor of 
medical science. The institute thus be- 
came a graduate university. 


All of the resources of the institute will 
be available to the limited number of se- 
lected students who will be admitted. 
These resources include a faculty num- 
bering approximately 150, to which 
group more members will be added as 
fields of research expand; large well- 
equipped laboratories; a hospital for 
the study of disease in man; and a com- 
prehensive scientific library. These physi- 
cal resources are located in six modern 
buildings on a campus of more than a 
dozen acres close to the Cornell Medi- 
cal College, New York Hospital, Me- 
morial Hospital, and the Sloan-Kettering 
Institute. To the present facilities there 
will be added new laboratories and a 
residence hall for students. The present 
value of the institute’s endowment ap- 
proximates $150 million. 

Two types of students will be ad- 
mitted: those who have just completed 
their undergraduate training for the 
baccalaureate, and those who are doctors 
of medicine and wish to prepare for 
careers of research and teaching. Both 
groups will be candidates for the Ph.D. 
degree after a period of no less than 3 
years, although those who already hold 
the M.D. degree may elect the degree 
of doctor of medical science. 

Probably no more than 15 to 20 stu- 
dents will be admitted each year. Accord- 
ingly, the student body will ultimately 
number approximately 60 to 75. This 
small group will be able to have close 
association with a large faculty. The 
educational program will be adjusted to 
fulfill the needs of each student. 

Throughout the first academic year 2 
hours of each morning will be devoted to 
lectures, seminars, and discussions of re- 
lated subjects in many fields of science; 
together these sessions will comprise an 
orientation course in the pattern and 
structure of biology and the related sci- 
ences. Each week a topic will be dis- 
cussed by one or a group of the faculty 
who are actively engaged in research in 
that area of science. 

In order to broaden further the stu- 
dents’ intellectual horizons, many dis- 
tinguished scientists from this country 
and abroad have been appointed visiting 
lecturers. They include: Lord Adrian, 
master of Trinity College, Cambridge, 
England; Jan A. Béék, Statens Rasbio- 
logiska Institut, Uppsala, Sweden; John 
C. Bugher, director for medical educa- 
tion and public health, the Rockefeller 
Foundation; M. Demerec, director, de- 
partment of genetics, Carnegie Institu- 
tion of Washington; Ludwig Edelstein, 
professor of humanistic studies, Johns 
Hopkins University; David R. Goddard, 
chairman, department of botany, Uni- 
versity of Pennsylvania; Samuel A. 
Goudsmit, chairman, department of 
physics, Brookhaven National Labora- 
tory; Ragner Granit, professor of neuro- 
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physiology, Karolinska Institute and di- 
rector of the Nobel Institute for Neuro- 
physiology, Stockholm, Sweden; Leland 
J. Haworth, director, Brookhaven Na- 
tional Laboratory; John G. Kirkwood, 
Sterling professor of chemistry, Yale 
University; A. Monnier, professor of psy- 
chophysiology, University of Paris at 
the Sorbonne, Paris, France; John S. 
Nicholas, Sterling professor of biology, 
Yale University; I. I. Rabi, Higgins pro- 
fessor of physics, Columbia University; 
William J. Robbins, director, New York 
Botanical Garden; Alexander von Mur- 
alt, professor of physiology, University 
of Bern, Switzerland. Each of these lec- 
turers will spend a week with the stu- 
dents. 

As the students’ interests develop, they 
will be encouraged to spend not less than 
a year in study under leading scholars 
in two or three other universities any- 
where in the world. The institute will 
defray the expense of this travel and 
study, both as an investment in the 
students’ future and as an aid to coopera- 
tion between universities. 

Further, the institute will invite stu- 
dents in other graduate schools to study 
at the institute for brief periods during 
which seminars will be held in subjects 
relevant to their interests. Travel grants 
will be provided for this purpose, and 
the visiting students will be guests of 
the institute. 

In October 1955 the institute enrolled 
an experimental class of ten students. 
To select this initial class, each of the 
presidents of a specially chosen group 
of liberal arts colleges, and the chairmen 
of some departments in large univer- 
sities, were entrusted with the appoint- 
ment of a 1955 graduate of his college 
or university to an institute fellowship. 
These fellowships carry an annual sti- 
pend of $2500, with an additional $1000 
for travel and attendance at other uni- 
versities. From Dartmouth, Amherst, 
Smith, Wesleyan, Yale, Union, Haver- 
ford, Pennsylvania, and Oslo came the 
first ten men and women to be enrolled. 
Next year the number of selecting uni- 
versities will be increased and five gradu- 
ates of medical schools will be added. 


U. S. Rubber Research 


Government contracts supporting syn- 
thetic rubber research, which costs about 
$1 million annually, should end in June 
1956, according to recommendations 
contained in the report of the Special 
Commission for Rubber Research of the 
National Science Foundation. The com- 
mission found that the national interest 
no longer requires Government support 
of research especially directed toward 
synthetic rubber. 

However, the commission expressed 
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the view that basic research in general 
should receive a larger measure of sup- 
port from the Federal Government and 
recommended that the National Science 
Foundation should, in fiscal year 1957, 
“support a new and more basic program 
made up of research projects in the gen- 
eral area of molecular structure and ar- 
rangement, composition and properties 
of high polymers, particularly elasto- 
mers, and methods of preparing such 
materials.” 


Decimals for India 


In India this year, the currency sys- 
tem of rupees, annas, and pies—i2 pies 
to the anna, 16 annas to the rupee—will 
be replaced by a decimal currency based 
on 100 pies to the rupee. On 2 Oct., 
Gandhi's birthday, the decimal currency 
will be introduced. Meanwhile, there 
will be an extensive program of village 
education. 

Further, the system of weights and 
measures is to be replaced by the metric 
system. A recent survey of some 1000 
villages by the Planning Commission of 
India showed that there are almost 150 
different systems of weight measurement 
in effect and that there are even more 
complex systems for measurement of 
volume and land area. 

The first place for change will be in 
the army, where soldiers will begin to 
draw rations on the metric system. Then 
railway markers will be changed from 
furlongs to kilometers. The Government 
estimates that at least 15 years will be 
required to complete the transition 
process. 


Research Support 
by Private Foundations 


The role played by privately endowed 
foundations in supporting scientific re- 
search in the United States is shown in 
Scientific Research Expenditures by the 
Larger Private Foundations, the report 
of a survey sponsored by the National 
Science Foundation that was released 
on 27 Jan. The study, prepared by F. 
Emerson Andrews of the Russell Sage 
Foundation, is one of a series which, 
when completed, will survey total scien- 
tific research expenditure for the nation. 

Information was obtained on expendi- 
tures by 77 large endowed foundations 
during 1939, 1946, and 1953 for research 
in the life sciences, the physical, mathe- 
matical, and engineering sciences, and in 
the social sciences. For 1953 total ex- 
penditures of the 77 amounted to ap- 
proximately $164 million, less than 4 
percent of the total amount spent for 
philanthropy in the United States. 

Of the $164 million, $26 million was 


spent for scientific research, less than 1 
percent of the estimated national total 
for all research and development. Only 
43 of the 77 major foundations supported 
scientific research. 

Division of the 26 million dollars ex- 
pended for scientific research was as fol- 
lows: $11 million for social sciences, 
$12.5 million for life sciences—biologi- 
cal, agricultural, and medical—and $2.5 
million for physical sciences. Although 
basic research accounted for $17 million 
and applied research for $9 million, the 
proportion of private foundation funds 
spent for basic research compared with 
applied has decreased from 96 percent 
in 1939, to 75 percent in 1946, to 65 per- 
cent in 1953. 


Bulletin of the Atomic Scientists 


The January issue of the Bulletin of 
the Atomic Scientists marks the tenth 
anniversary of the journal, which was 
established in December 1945 by Hyman 
H. Goldsmith, a physicist, and Eugene 
Rabinowitch, a physical chemist, who is 
the present editor. Rabinowitch’s com- 
memorative article in the anniversary 
issue opens with the following paragraph 
about the Bulletin. 

“. . . It was founded by a group of 
scientists whose participation in the de- 
velopment of the atomic bomb convinced 
them that, with this discovery, a radical 
change had come in the role of science 
in public affairs. They believed that man- 
kind was entering, unawares, into a new 
age, fraught with unprecedented dangers 
of destruction. In spring 1945, this con- 
viction led some scientists to an attempt 
—perhaps the first one in history—to 
interfere, as scientists, with the political 
and military decision of the nation. Leo 
Szilard’s memorandum to President 
Roosevelt (March 1945) and the report 
to the Secretary of War by the so-called 
‘Franck Committee’ on June 11, 1952, 
counseling, for reasons of long-range 
policy, against the use of atomic bombs 
in Japan, were the first manifestations 
of this new concern of scientists with 
public policy.” 

Toward the end of his article Rabi- 
nowitch says: 

“As scientists, we probably all—or al- 
most all—agree that no solution can be 
based on the negation of facts, or a re- 
fusal to evaluate them as objectively as 
possible; and that much of the world’s 
hopes are based today on such negation 
and refusal. Explaining and analyzing 
facts, and educating public opinion to 
their acceptance, whether they are pleas- 
ant or not, has been one of the tasks of 
the Bulletin from its inception; and to 
this task it will remain dedicated. 

“However, facts alone do not suggest 
action, unless a final aim has been set. 
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This aim is, to our mind, the survival 
and progress of civilized society; and the 
analysis of the facts of the atomic age 
seems to show convincingly that this 
survival depends on the development of 
ethical standards at once broader and 
higher than practical men have been 
prepared to accept and live by—broader 
in that they have to embrace all mankind 
and not just a single nation; and higher, 
in that they have to renounce selfishness 
and the resort to naked power, not only 
in relations between individuals within a 
nation, but also between nations.” 


Sea Water Conversion 


Progress toward low-cost conversion of 
sea water and brackish inland waters to 
fresh water was reported by Secretary 
of the Interior Douglas McKay in his 
annual report to the President and the 
Congress on the conversion program. 
McKay stated that: 

“Estimates of the probable cost of 
large-scale conversion of sea water show 
that it is approaching the maximum 
existing costs of municipal water in the 
United States and is considerably below 
those of industrial water, although still 
several times higher than those of cur- 
rently used irrigation supplies. At the 
same time economical improvement of 
brackish waters for many irrigation uses, 
which is inherently less expensive than 
conversion of sea water, is definitely in 
sight.” 

During the past year, eight additional 
research contracts were entered into, 
bringing the total to 30. In all, 25 proj- 
ects were in progress during part or all 
of the year. With few exceptions, the 
contracts call for specific performance. 
Their duration generally is for a year or 
less. Investigations are being carried out 
on distillation and sealing; performance 
of membranes, both electric and osmotic; 
solar distillation; freezing processes; and 
several processes not yet fully explored, 
including chemical, physical, and elec- 
tric. 


USS. Population, 1955 


The population of the United States, 
including the Armed Forces overseas, 
reached 166,740,000 by the end of 1955. 
This marked an increase of 2,810,000 
during the year, only 13,000 less than 
the record set in 1954. Thus, the high 
rate of population growth that began in 
1946 has continued unabated for a dec- 
ade. About 26 million people have been 
added to our population in the past 10 
years, a larger number than in the pre- 
ceding 21 years. 

Infant mortality declined to a new 
low rate of 26.4 per 1000 live births. 
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This is about 1% percent below the 
previous minimum established the year 
before and 30 percent under the rate in 
1945. The death rate for the population 
as a whole was about 9.3 per 1000, or 
only a shade above the all-time low of 
9.2 recorded in 1954. 


Scientists in the News 


AHMED MUSTAFA, organic chem- 
ist and a professor at Cairo University, 
Cairo, Egypt, is spending a semester at 
Indiana University as a research asso- 
ciate under the auspices of the U.S. 
State Department. He is participating 
in a research program on organic sulfur 
chemistry. 

During the next semester, Mustafa 
will be at the University of Rochester 
for research on photochemical aspects 
of organic sulfur chemistry. Mustafa 
has held guest fellowships at Massachu- 
setts Institute of Technology, 1948-49, 
and at Columbia University, 1949-50. 


CHARLES OBERLING, Roussy In- 
stitut anti-cancereuse, Ville Juif, Paris, 
France, is another of the participants in 
the decennial review Conference of the 
Tissue Culture Association that will take 
place in Woodstock, Vt., 8-12 Oct. [Sci- 
ence 122, 32 (6 Jan. 1956). 


MORRIS M. LEIGHTON, chief 
emeritus of the Illinois State Geological 
Survey, was honored on 11 Oct. at a 
dinner commemorating the survey’s 50th 
anniversary. He was presented with a 
bound volume of nearly 200 letters from 
the mineral industries of the state and 
from colleagues throughout the nation 
expressing their appreciation of his serv- 
ices and scientific contributions during 
the past 36 years. 


HARRY F. OLSON, director of the 
acoustical and electromechanical re- 
search laboratory of the R.C.A. Labora- 
tories, David Sarnoff Research Center, 
Princeton, N.J., has received the John 
Scott award for a 25-year-old invention 
—the velocity microphone. This instru- 
ment revolutionized the technique of 
sound pickup in the early 1930’s and is 
still the standard microphone through- 
out the broadcasting and motion picture 
industries. The $1000 prize was pre- 
sented during a dinner meeting of the 
Enginecrs’ Club of Philadelphia. The 
award, which is administered by the city 
of Philadelphia, was established in 1816 
by John Scott for “ingenious men and 
women who make useful inventions.” 


HANS J. TRURNIT, for more than 8 
years staff scientist at the Medical Labo- 
ratories, Army Chemical Center, Md., 
has joined RIAS, Inc. 





HENRY B. BIGELOW, oceanogra- 
pher and professor emeritus of Harvard 
University, was honored on 24 Jan. on 
the occasion of the 25th anniversary of 
the Woods Hole Oceanographic Institu- 
tion, which he helped to found. He 
served as its first director from 1930 to 
1940. 

A leatherbound copy of the Bigelow 
Volume, a collection of 48 original sci- 
entific contributions that was prepared 
by colleagues and former students, was 
presented to Bigelow by Columbus O’D. 
Iselin in a ceremony that took place in 
the Museum of Comparative Zoology at 
Harvard, where Bigelow has been work- 
ing since the early 1900’s. The 500-page 
honorary volume is a supplement to 
Deep Sea Research and will be distrib- 
uted to all who subscribe to that periodi- 
cal. 


SAMUEL MARTIN will assume his 
new post as head of the department of 
medicine in the College of Medicine at 
the University of Florida on 1 Apr. He 
also will be coordinator of the J. Hillis 
Miller Health Center Study, which is 
supported by the Commonwealth Fund 
of New York. 

At present Martin is associate profes- 
sor of medicine and assistant professor 
of bacteriology at Duke University 
School of Medicine, where he was a 
Markle scholar from 1950 to 1955. He 
has conducted research on leukocytes and 
on tissue reaction to infection. 


FRED HONKALA, associate profes- 
sor of geology at Montana State Uni- 
versity, was appointed chairman of the 
department on 5 Jan. 


THOMAS COCKBURN, who has 
been in charge of research projects at 
the Communicable Disease Center, At- 
lanta, Ga., has accepted an appointment 
with the World Health Organization. 
During the next 2 years he will be epi- 
demiologist to a communicable disease 
control project in Colombo, Ceylon. 
Cockburn left the United States early in 
January; communications should be sent 
care of the Ministry of Health, Colombo. 


MARK W. ALLAM, dean of the 
School of Veterinary Medicine of the 
University of Pennsylvania, has left for 
Mexico as international consultant to 
the National School of Veterinary Medi- 
cine there. His assignment is being car- 
ried out under the auspices of the Pan 
American Sanitary Bureau, Regional 
Office of the World Health Organization. 
At the invitation of Latin American 
countries, a project is being established 
that is designed to assist in raising the 
teaching levels within the schools of 
veterinary medicine and to incorporate 
more practical aspects into the curricula. 
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MILTON A. CHAFFEE, former dep- 
uty director of systems at the Air Force 
Cambridge Research Center, Cam- 
bridge, Mass., has been appointed direc- 
tor of electronics and systems research at 
the Fairchild Camera and Instrument 
Corporation, Syosset, N.Y. 


CHARLES P. HUTTRER, executive 
secretary of the physiology study section 
and of the morphology and genetics 
study section at the National Institutes 
of Health, has resigned from the latter 
to become consultant and executive sec- 
retary for the Pharmacology-Biochem- 
istry Panel of the Cancer Chemotherapy 
National Service Center, National Can- 
cer Institute, NIH. 


HENRY F. PAYNE, who recently re- 
tired from the American Cyanamid 
Company, has been named research pro- 
fessor in charge of instruction and re- 
search on organic coatings in the depart- 
ment of chemical engineering, Univer- 
sity of Florida. 


JOHN E. MANGELSDORF has 
joined the missile systems division of 
Lockheed Aircraft Corporation, Van 
Nuys, Calif. He was previously a research 
fellow at the Laboratory of Aviation 
Psychology, Ohio State University, 
where he was on leave of absence from 
Dunlap and Associates, Inc., Stamford, 
Conn. 


HERBERT F. MARCO, chairman of 
the mechanics division at the Air Uni- 
versity Institute of Technology at 
Wright-Patterson Air Force Base, will 
become dean of engineering at South 
Dakota State College on 1 Mar. He suc- 
ceeds H. M. Crothers, who had held the 
position for 30 years when he relin- 
quished it last July. Crothers has con- 
tinued on the State College staff as vice- 
president, a title he has held since 1947. 


C. W. THORNTHWAITE, director 
of the Laboratory of Climatology, Sea- 
brook, N.J., is to deliver a series of free 
evening lectures at the Wagner Free In- 
stitute of Science, Philadelphia. The 
three lectures, which will be on the gen- 
eral subject of “Climate and the mod- 
ern world,” will be given on 12, 19, and 
26 Apr. 


LAURETTA BENDER, senior psy- 
chiatrist in charge of the children’s serv- 
ice at Bellevue Hospital, New York, for 
21 years, has been appointed principal 
research scientist in child psychiatry for 
the New York State Department of Men- 
tal Hygiene. The function of this new 
position will be to study adolescents and 
children and to serve as a consultant in 
child psychiatry to the department as a 
whole. 
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JOSEPH R. HAUN, formerly plant 
physiologist for weed control research 
with the Grasselli Chemicals Depart- 
ment of E. I. du Pont de Nemours and 
Company, Wilmington, Del., has been 
named director of the newly established 
weed control division of Insect Control 
and Research, Inc., Baltimore, Md., a 
firm of consulting entomologists. For the 
past 4 years his work with Du Pont has 
been concerned primarily with the de- 
velopment of the substituted urea herbi- 
cides. 


ROBERT N. ISBELL, a colonel and 
a chemist with the Air Research and 
Development Command Headquarters, 
Baltimore, Md., has 
retired after more 
than 30 years of 
service. He was in- 
strumental in devel- 
oping from field mili- 
tary data a_ theory 
that electric energy 
might be used di- 
rectly from controlled 
atomic reactions. 

For the past 8 years Isbell has worked 
in the special weapons field in several 
different capacities: as chief of the 
radiological defense division of the 
Armed Forces Special Weapons Project 
at the Pentagon, and as chief of the 
weapons effects division of the Armed 
Forces Special Weapons Project; as di- 
rector of nuclear applications and chief 
of the Atomic Operations Division at 
ARDC Headquarters; and, in 1948, as 
commanding officer of the Air Radio- 
logical Unit, Operation Sandstone, Eni- 
wetok, Marshall Islands. 

After serving in World War I, Isbell 
returned to civilian life and entered Wil- 
liam Jewell College, where he received 
his B.A. degree in 1923. He attended Yale 
University from 1924 to 1926 and re- 
ceived his Ph.D. in chemistry from the 
University of Wisconsin in 1931. He has 
taught at Yale, Connecticut College of 
Pharmacy, and from 1931 to 1941 he 
was an associate professor of chemistry at 
Wake Forest College. 





ROBERT S. HARRIS, professor of 
biochemistry of nutrition in the depart- 
ment of food technology at Massachu- 
setts Institute of Technology, has been 


_awarded the highest scientific honor that 


Cuba bestows—the Carlos J. Finlay 
award. ROBERT R. WILLIAMS of the 
Research Corporation, New York, shared 
honors with Harris for improving the 
nutrition of the Cuban people. 


M. V. NEVITT, former head of the 
metallurgical engineering department at 
Virginia Polytechnic Institute, has re- 
signed to join the staff of Argonne Na- 
tional Laboratory. 


SAMUEL RENSHAW, professor of 
experimental psychology at Ohio State 
University, who served as academic di- 
rector of the Navy Recognition Training 
School at Ohio State during World War 
II, will receive the Navy Distinguished 
Public Service award for his “outstand- 
ing contribution to the Navy in the re- 
search and development of the visual 
recognition training program.” 

Some 4000 officers were trained in the 
Renshaw method of visual perception, 
enabling them to identify approaching 
surface and air craft speedily. It has been 
estimated that approximately 285,000 
preflight cadets benefited from this train- 
ing, and officers trained in visual percep- 
tion under Renshaw were aboard almost 
every Navy ship after 1943. 


REED A. GRAY, plant physiologist 
for Merck and Company, Inc., has won 
the top Glycerine Research award of 
$1000 and an honor plaque for research 
that showed that incorporating glycerine 
in streptomycin formulations increased 
the absorption of the antibiotic by plants 
and enhanced its effectiveness against 
the common bacterial blight of beans, a 
blight that takes an annual toll of crops 
estimated at $6 million. 

EUGENE P. KENNEDY, professor 
of biochemistry at the University of Chi- 
cago, won the $300 second award for 
his study of the biosynthesis of phospho- 
lipids, which included the role of glycer- 
ine derivatives as precursors of these 
compounds. The third award of $200 
went to KARL H, LAUER, chemistry 
professor at the University of Alabama, 
for development of a process using slaked 
lime in glycerine-water solutions to con- 
vert sodium sulfate into caustic soda. 
Presentation of the awards was made at 
a luncheon in New York on 26 Jan. dur- 
ing the annual meeting of the Glycerine 
Producers’ Association. 


K. L. STELLMACHER, professor of 
mathematics at the University of Géot- 
tingen, Gétt'agen, Germany, will con- 
duct a serrunar between 2 and 23 May 
at the University of Maryland on the 
“Integration of general linear hyperbolic 
differential equations with application to 
Huygens’ principle.” 


FREDERICK M. BECKET, pioneer 
metallurgist, has been honored by the 
establishment of the F. M. Becket Me- 
morial award. The award, which is to be 
administered by the Electrochemical So- 
ciety, is in the form of an annual scholar- 
ship aimed at interesting college students 
in the field of high-temperature electric 
furnace operations. The fund for the 
award was presented to the society by the 
Electro Metallurgical Company, a divi- 
sion of the Union Carbide and Carbon 
Corporation. 
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JOHN F. TAYLOR, chairman of the 
University of Louisville biochemistry de- 
partment, is on leave of absence from 
that post to serve as visiting professor of 
biochemistry at the Physiological Insti- 
tute of the University of Oslo, Oslo, 
Norway. 


THOMAS B. NOLAN, since 1944 as- 
sistant director of the U.S. Geological 
Survey, has been named by President 
Eisenhower to succeed William E. 
Wrather as director of the Survey. The 
appointment awaits Senate approval. 


JONATHAN E. RHOADS, professor 
of surgery and surgical research in the 
University of Pennsylvania School of 
Medicine and professor of surgery in the 
Graduate School of Medicine, was 
elected provost of the university on 17 
Jan. 


HAROLD C. UREY, distinguished 
service professor of chemistry at the 
University of Chicago, has been named 
Eastman professor at Oxford University, 
Oxford, England, for the 1956-57 aca- 
demic year. The chair was founded in 
1929 by George Eastman to send senior 
American scholars to lecture at Oxford. 
The Association of. American Rhodes 
Scholars administers the fund and assists 
in making the annual selection. 

Urey, who was the Nobel prize win- 
ner in chemistry in 1934, has specialized 
in the structure of atoms and molecules, 
thermodynamic properties of gases, and 
separation of isotopes. He discovered 
the hydrogen atom of atomic weight 2 
and conducted research for the produc- 
tion of heavy water and U-235. 


Recent Deaths 


HENRY M. CRANE, New York, 
N.Y.; 81; consulting engineer to General 
Motors Corporation; a past president 
of the Society of Automotive Engineers 
who helped to prepare the standard 
American aeronautic safety code in 1926; 
21 Jan. 

JAMES E. DAVENPORT, New York, 
N.Y.; 68; retired vice president for engi- 
neering development and research of 
the American Locomotive Company; 24 
Jan. 

ADOLPH EICHHORN, Pearl River, 
N.Y.; 82; authority on animal husbandry; 
consultant on the veterinary medicine 
research staff of the Lederle Labora- 
tories; 23 Jan. 

RAPHAEL GINZBERG, Tomah, 
Wis.; 60; authority on diseases of the 
aged; chief of the geriatrics department 
of the Veterans Administration Hospital 
at Tomah, Wis.; 19 Jan. 

ROYAL S. HAYNES, New York, 
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N.Y.; 78; retired specialist in pediatrics; 
former clinical professor of pediatrics at 
College of Physicians and Surgeons, Co- 
lumbia University; 19 Jan. 

ROBERT LOWY, Philadelphia, Pa.; 
72; hydraulic engineer; special lecturer 
at the University of Pennsylvania and a 
former associate professor at Pennsyl- 
vania Military College; 21 Jan. 

HARRY W. ORR, Stillwater, Okla.; 
60; dean of the School of Veterinary 
Medicine of Oklahoma A. & M. College; 
14 Jan. 

ALEXANDER O. RANKINE, 
Hampton, England; 74; emeritus pro- 
fessor of physics at the Imperial College 
of Science and Technology; former chief 
physicist for the Anglo-Iranian Oil Com- 
pany; World War II worker in the Petro- 
leum Warfare Department on dissipa- 
tion of fog on airfields; 19 Jan. 

BLAKE VAN LEER, Atlanta, Ga.; 
62; hydraulic engineer and president of 
the Georgia Institute of Technology; 23 


Jan. 


Education 


@S. F. Posen, president of Beltone Hear- 
ing Aid Company, Chicago, has given 
$7000 to Northwestern University for a 
new soundproof hearing laboratory. The 
laboratory will make it possible to con- 
duct research on various tests for the 
diagnosis of hearing impairments. The 
soundproof testing chamber is being con- 
structed in the department of otolaryn- 
gology at the university’s Medical Center 
in Chicago. 


® The 25th Venereal Disease Postgradu- 
ate Course for physicians sponsored by 
the University of Washington School of 
Medicine and the Public Health Service 
will be given in Seattle, Wash., 19-23 
Mar. The course is designed to acquaint 
the practitioner with the latest develop- 
ments in diagnosis, treatment, and man- 
agement of the venereal diseases. The 
faculty for the course, which is accred- 
ited by the American Academy of Gen- 
eral Practice, will be drawn from various 
universities, the Public Health Service, 
and from among authorities in the field. 

No tuition will be charged. Applica- 
tions for admission are to be sent to the 
University of Washington School of 
Medicine, Division of Postgraduate Med- 
ical Training, Harbor View Hospital 
Annex, 325 Ninth Ave., Seattle 4, Wash. 


@A new full-time program of graduate 
study in physics will be started next fall 
at Western Reserve University. This 
marks the first time in the history of the 
university that work leading to the Ph.D. 
degree in physics has been offered. 
Although most of the research in phys- 
ics will be carried out in the university’s 


physics laboratory, advanced graduate 
students in certain fields will be able to 
take advantage of the unusual research 
facilities in nuclear physics and chemistry 
at Argonne National Laboratory, Le- 
mont, IIl., to complete their dissertations 
in absentia. Western Reserve has also an- 
nounced an expanded program of studies 
in physics at the undergraduate level, 
including the regular offering of all ad- 
vanced courses in physics every year. 


®The North Carolina State College 
School of Engineering has added a new 
degree to its curriculum—bachelor of 
metallurgical engineering. 


Grants, Fellowships, and Awards 


®" Negotiations for the extension of the 
Fulbright exchange program with India 
have just been completed. Application 
forms may be obtained from the Con- 
ference Board of Associate Research 
Councils, Committee on International 
Exchange of Persons, 2101 Constitution 
Ave. NW, Washington 25, D.C. 

A booklet describing in detail the oper- 
ation of the program will be sent out with 
forms. In view of the lateness of the an- 
nouncement in relation to the beginning 
of the 1956-57 academic year in India, 
grantees will not be expected to arrive in 
India until July or August. To insure 
consideration applications should be 
postmarked no later than 20 Feb. 


® The 23rd annual program of Tau Beta 
Pi fellowships for graduate study in en- 
gineering have been announced. These 
include the Charles H. Spencer fellow- 
ship, the Louis Allis Company—Tau Beta 
Pi fellowship, and the Honeywell-Tau 
Beta Pi fellowship. 

Each award is for $1200, payable in 
ten monthly installments. For additional 
information, write to Paul H. Robbins, 
1121 15 St. NW, Washington 5, D.C. 


"The Grass Foundation for research in 
neurophysiology will provide one or two 
fellowships for work at the Marine Bio- 
logical Laboratory at Woods Hole, Mass., 
during the summer of 1956. The stipend 
will range from $500 to $1000, depend- 
ing upon the financial needs of the can- 
didate. Two candidates may apply jointly 
to work together with stipends of $500 
each. The fellowships are designed for 
young investigators in the predoctoral or 
early postdoctoral stage. 

Applications may consist of a brief 
letter, preferably from some senior in- 
vestigator who knows the candidate well, 
describing his qualifications and giving 
a brief account of his plans for research 
and how he would use the fellowship. 
Reprints of published work will also be 
helpful to the selection committee. Let- 
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ters and supporting material in tripli- 
cate should be sent to Dr. Robert S. 
Morison, Room 5500, 49 W. 49 St., New 
York 20. The closing date for applica- 
tions is 1 Mar. 


® A Swedish-American exchange fellow- 
ship program to promote closer coordina- 
tion in cancer research has been estab- 
lished by the American Cancer Society 
and the Swedish Anti-Cancer Society. An 
agreement was signed on 21 Jan. at the 
American group's headquarters in New 
York. 

The arrangement provides for $10,000 
from the American organization and a 
like amount from the Swedish body to 
finance the program. Arne Tiselius, for- 
mer president of the Swedish society’s 
research board, and Mefford R. Runyon, 
executive vice president of the Ameri- 
can society, signed the commitments. 
The project was initiated as the result 
of a recommendation by the Committee- 
on-Growth of the National Research 
Council. 


®A prize contest for engineers and de- 
signers for the best new applications of 
thin gage and/or high-precision toler- 
ance stainless steel strip has been an- 
nounced by the American Silver Com- 
pany. Complete information and entry 
blanks may be obtained from the Chair- 
man, Prize Awards Committee, Ameri- 
can Silver Company, Flushing 54, N.Y. 
Thirty-one separate cash awards will be 
made in the contest, which closes at 
midnight, 30 May 1956. First prize is 
$350. 


In the Laboratories 


®The Atomic Energy Commission has 
announced approval of a program to 
encourage private industry to build and 
operate plants for the chemical process- 
ing of irradiated fuel elements from re- 
search and power reactors. Chemical 
processing plants perform the operations 
of recovering the fissionable and fertile 
materials present in the irradiated fuel 
elements for re-use, and of converting 
the radioactive fission products into dis- 
posable or usable forms. So far these op- 
erations are being performed only by 
Government-owned plants at 
AEC sites. 


various 


To encourage industry to build its own ° 


plants for these purposes, the AEC will 
make available (i) commission technol- 
ogy in the field of chemical processing, 
and (ii) limited amounts of certain ir- 
radiated fuel materials from AEC re- 
actors for processing by industry. 

Firms must submit acceptable pro- 
posals to the commission at a date to be 
specified, probably approximately 18 
months from now. 
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AEC facilities may be utilized by pri- 
vate firms for research and development 
and training in connection with the 
chemical processing field. The full costs 
of such utilization would be defrayed by 
the user. 

In evaluating the proposals, the com- 
mission will take into consideration such 
factors as the advancement of chemical 
processing technology that will result 
from construction and operation of the 
proposed plant, reasonableness of prices, 
size, and start-up date of the commercial 
plant, and assurances against abandon- 
ment of the project. 

Another criterion on which proposals 
will be evaluated is the manner in which 
the waste disposal problem will be han- 
died. This criterion has been established 
in order to give industry the greatest 
possible incentive to reduce the cost and 
risks connected with this operation and 
to develop economical uses for the radio- 
active materials that are now generally 
regarded as waste products. 

On the basis of its evaluation, the 
commission may select one or more of 
the proposals that it receives, or it may 
reject all of them. Further details about 
the program, together with certain classi- 
fied information useful in the prepara- 
tion of the proposals, will be made avail- 
able to all interested and qualified com- 
panies. 


® The International Business Machines 
Corporation has established a new inde- 
pendent research organization. The new 
group will remain within the company’s 
research and engineering department in 
Poughkeepsie, N.Y., but will be inde- 
pendent of its parent. It will be headed 
by Ralph L. Palmer, formerly I.B.M. 
director of engineering. 

I.B.M. has also announced that a por- 
tion of the company’s present engineer- 
ing operations at Poughkeepsie will be 
reorganized into a product development 
laboratory. The new laboratory will be 
directed by Horace S. Beattie, former 
manager of the Poughkeepsie Engineer- 
ing Laboratory. 


Miscellaneous 


® The first issue of a new monthly bul- 
letin, Progress in Health Services, has 
been issued by the Health Information 
Foundation, an organization that is spon- 
sored by 200 companies in the drug, 
pharmaceutical, chemical and allied in- 
dustries. This leaflet will interpret health 
statistics for the layman. 


® The Iranian Ministry of Education in- 
vites applications from qualified teachers 
to lecture in the provincial colleges of 
Tabriz, Shiraz, and Mashed, and at the 
University of Teheran. Openings are in 


the following subjects: internal medi- 
cine, anatomic pathology, microbiology, 
serology, anatomic physiology, psychiatry 
and nervous diseases, chemical biology, 
preventive medicine and hygiene, para- 
sitology, histology, microbiology, physics, 
chemistry, physiology, animal biology, 
and urology. 

Maximum salaries in the colleges are 
approximately $380 per month; at the 
university, $625, with an additional al- 
lowance for rental. The Ministry of Edu- 
cation will also pay traveling expenses 
for the teachers and their families to and 
from Iran. Inquiries and applications 
should be addressed to the Iranian Em- 
bassy, Washington 8, D.C. 


®The University of Melbourne, Mel- 
bourne, Australia, has open a position as 
professor of agriculture. Closing date 


for receipt of applications in Australia 
is 15 Mar. 


® Drawings and models of the inventions 
of one of the colorful figures of the late 
18th and early 19th centuries—Benjamin 
Thompson (Count Rumford)—are on 
display this month at Harvard Univer- 
sity. Count Rumford devoted much of 
his research to the development of an 
efficient and simple coffee maker and is 
generally credited with being the first 
to produce a drip-type coffee pot. A 
description of this invention was carried 
in his essay “Of the excellent qualities 
of coffee” published in 1809. 

Count Rumford’s scientific curiosity 
covered a wide range: he conducted re- 
search in photosynthesis; he devoted a 
number of years to experiments that re- 
sulted in improvements in oil lamps; 
and he developed a portable cooking 
stove that freed housewives from their 
complete reliance on the fireplace. 


@N. R. Brewer, veterinarian at the Uni- 
versity of Chicago, is interested in ob- 
taining dogs with leukemia, dogs with 
symptoms of muscular dystrophy, dogs 
with certain types of cancer, dogs with 
anemia, diabetic dogs, dogs with pan- 
creatic diseasé, and dogs with senile 
cataracts. These animals are needed to 
try specific treatments still in the research 
stage. They will be used for no other 
purpose. The University of Chicago will 
make arrangements for transportation, 
and there will be no charges involved 
for the treatment of any of these cases. 

Ample funds are available for trans- 
porting dogs with symptoms of leu- 
kemia or muscular dystrophy from any 
part of the country. Limited funds are 
available to transport dogs with cancer, 
anemia, senile cataracts, diabetes and 
pancreatic disease. Those who wish to 
help this project should communicate 
with Brewer at 951 E. 58 St., Chicago- 
37, Ill. 
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Reports and Letters 


Latent Learning in Earthworms 


It has been suggested that any attempt 
to explain the complex kind of purposive 
action made possible by a highly devel- 
oped central nervous system may be pre- 
mature as long as we do not possess an 
adequate biological theory of the com- 
paratively simpler kinds of purposive 
functioning (/). If, therefore, our pur- 
pose lies in understanding the functional 
relationship that exists between a com- 
plex nervous system and its environment, 
we must start by obtaining information 
about the behavior of nervous systems be- 
longing to simpler organisms (2). The 
present study considered the problem of 
learning for a comparatively ‘ 
animal, the earthworm. 

We selected the earthworm because it 
is one of the lowest invertebrates in which 
modifiability has been demonstrated and 
also to allow for subsequent experimen- 
tation attempting to show that higher 
nervous centers are necessary for the for- 
mation of cognitive maps—that is, with- 
out the supra-esophageal ganglion, latent 
learning is not possible, but not in the 
simpler situation of the reinforced type. 
In addition, we agree with those workers 
who have emphasized the importance of 
analytic studies of learning in very dif- 
ferent animal types, for these investiga- 
tions should reward us with important 
evidence and theoretical insight. 

Investigations on the behavior of the 
earthworm date back to the classic paper 
of Darwin (3), who went so far as to 
ascribe “some degree.of intelligence” to 
it. The studies of Yerkes (4) and von 
Heck (5) showed that earthworms are 
capable of learning a simple T-maze and 
that removal of the first five segments 
(cephalic ganglia) will not result in a 
loss of habit until the new segments have 
been regenerated. The work of Swartz 
(6) has shown that the behavior of the 
earthworm in a T-maze is random until 
training is started. Robinson (7) and 
Schmidt (8) have recently investigated 
learning in the same animal, with a view 
toward proving and disproving, respec- 
tively, the existence of a two-factor the- 
ory of learning. 

The specific problem we investigated 
was that of latent learning. Our hypothe- 
sis was that the animals confined to the 
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‘simple” 


maze for 20 hours prior to training with 
reinforcement would reach the criterion 
of seven successive correct responses (or 
more) out of ten trials in fewer runs 
than the animals that had had no pre- 
vious maze experience. 

Six earthworms (Lumbricus terrestris 
L.) were used, three in the latent (L) 
group and three in the reinforced (R) 
group. The T-maze was constructed as 
follows: The arms were constructed of 
glass tubing 25.4 cm long and 2 cm in 
diameter. The vertical arm was con- 
structed so that it could fit into the 
horizontal arm, but it was detached 
therefrom. The position of the junction 
between the two arms was such that the 
horizontal arm was divided into a left 
arm of 10.1 cm and a right arm of 15.3 
cm. These arms represented the negative 
and positive goals, respectively. At the 
end of the left arm (negative goal) very 
rough sandpaper was placed. This was 
followed by electrodes that delivered a 
shock of 1 volt. At the end of the right 
arm (positive goal) was a glass beaker 
filled with moist earth and moss. The 
beaker was covered with paper in order 
to reduce the light. The floor of the maze 
was lined with moist blotting paper, 
which was changed frequently to prevent 
tracking. 

The following procedure was used. 
Group 1 (R): the animals were run 
with positive and negative reinforce- 
ment. Group 2 (L): the animals were 
allowed to run in a closed T-maze for a 
cumulative period of 20 hours. Negative 
or positive reinforcements were used 
during this period. At the end of this 
time, the animals were removed from 
the maze and run with positive and nega- 
tive reinforcement. A correct choice was 
defined as turning to the right and going 
halfway down the right arm. The ani- 
mals were run five times a day, when pos- 
sible. Time between trials varied from 50 
seconds to 20 minutes. A flashlight and a 
small camel’s hair paint brush were used 
whenever necessary to start the animals 
moving when they halted for any length 
of time. After they had completed their 
runs in the maze, the animals were put 
in large Petri dishes, which were then 
put in the refrigerator, since the animals 
seemed to thrive best under these condi- 
tions. 


The number of trials necessary for the 
animals in the R group to reach the re- 
quired criterion was 37, 45, and 47, re- 
spectively. For the animals in the L 
group, the number of trials was 21, 22, 
and 23, respectively. The ¢ test was em- 
ployed to test the hypothesis that the 
mean number of trials required for learn- 
ing by the R and L groups are equal 
against the alternative that the means are 
unequal. The ¢ test substantiated (at the 
0.01 confidence level) our initial hy- 
pothesis that the L group would learn 
more rapidly than the R group. An analy- 
sis of the complete data was done, utiliz- 
ing the theory of stochastic processes. A 
Markov chain model was developed; its 
applicability to learning experiments has 
been discussed (9). 

Ropase P. Buarucua-Reip 
Department of Psychology, 
University of California, Berkeley 
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3 August 1955 


Fresh-water Sawfishes and. Sharks 
in Netherlands New Guinea 


A short notice on the occurrence of 
sharks and sawfishes in Lake Sentani, 
Netherlands New Guinea, has recently 
been published [Science 121, 759 
(1955)]; about the same remarks can be 
found in the 18 February 1955 issue of 
the Australian newspaper Daily Tele- 
graph. Because the data, which are said 
to be provided by H. Van Pel, fisheries 
officer for the South Pacific Commission, 
contain several errors, a rectification in 
this place seems advisable. 

Lake Sentani is situated in the extreme 
northeastern part of Netherlands New 
Guinea; the eastern shore is within 10 
miles southwest of Hollandia at an aiti- 
tude of only about 250 feet above sea 
level. There is an effluent river of length 
about 40 miles that is, according to local 
(and rather unreliable) information, 
hardly passable in its upper reaches even 
for native proas (canoes). According to 
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current theory, which is sustained by con- 
siderable evidence, this lake has been 
formed out of an open bay through up- 
heaval of this part of New Guinea by 
tectonic forces. Volcanism is not known 
to have occurred in this region. 

During our recent visit to Netherlands 
New Guinea (Ociober 1954—May 1955), 
we succeeded in obtaining from Lake 
Santani two large sawfishes that meas- 
ured 91% and 11 feet. With the invalu- 
able help of the Royal Netherlands Navy, 
we were able to ship these voluminous 
specimens to the Rijksmuseum van Na- 
tuurlijke Historie at Leiden. Because only 
small specimens or just saws have gen- 
erally been collected and preserved, this 
was a very rare and valuable addition to 
our collections, much more remarkable 
than the occurrence of these specimens 
in fresh water. 

After a provisional examination, we 
decided that both specimens seem to be- 
long to Pristis microdon Latham, a spe- 
cies known to be at home in fresh water 
as well as in brackish and salt water. 
Specimens may occur far upstream in 
large rivers, and probably not only as oc- 
casional stragglers. For some species, 
there are strong indications of breeding 
in fresh water, a well-known habit of the 
specimens in Lake Nicaragua. For fur- 
ther data I refer to a previous. rectifica- 
tion by A. W. C. T. Herre [Science 122, 
417 (1955)}. 

Because we did not have the oppor- 
tunity to investigate closely the conditions 
in the upper reaches of the effluent river, 
it still remains uncertain whether saw- 
fishes may venture so far upstream as to 
reach Lake Sentani. However, although 
conditions may prevent the intrusion of 
specimens of the size we collected, it 
seems likely that small examples can 
make the journey, at least under favor- 
able circumstances—for example, in the 
rainy season. 

Reconsidering the adaptability to salt 
and fresh water, and the probable exist- 
ence of a passable connection between 
Lake Sentani and the sea, the occurrence 
of sawfishes in this lake can easily be ex- 
plained without using the theory of grad- 
ual upheaval and gradual replacement of 
salt water by fresh water. I should be 
more inclined to adopt this theory for the 
explanation of the occurrence of various 
other species that belong to essentially 
marine groups—for example, jacks (Ca- 
rangidae )—-which do not usually invade 
fresh water by free will. On the other 
hand, fishes from marine groups with lit- 
tle adaptability for fresh water were 
found—for example, in the Digoel River 
near Tanah Merah, about 450 miles from 
the sea, in a region where obviously no 
gradual upheaval and consecutive grad- 
ual replacement of previously salt water 
has taken place. 

Small sawfishes are also said to occur 
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in the rivers near Genjem, about 15 
miles west of Lake Sentani, but none 
could be obtained. Further specimens be- 
longing to a different species were col- 
lected in the Digoel River near Tanah 
Merah. 

Sharks were not collected in, or re- 
ported from, Lake Sentani, and they 
probably do not exist there. The only 
fresh-water sharks we obtained were 
found in Lake Jamoer, a rather large and 
almost circular lake (diameter approxi- 
mately 5 miles) situated on the narrow 
neck of the Vogelkop Peninsula (longi- 
tude 135°E). The altitude is about 200 
feet. The physical characteristics of the 
effluent river Omba are insufficiently 
known, which makes it at present impos- 
sible to establish with certainty whether 
the species is landlocked. The collected 
examples measure up to 5 feet and, ac- 
cording to a superficial examination, are 
closely related to the landlocked shark 
from Lake Nicaragua and to the Ganges 
shark. 

M. BorsEMAN 
Rijksmuseum van Natuurlijke Historie, 
Leiden, Netherlands 


18 November 1955 


Inhibition of Audiogenic 
Seizures by Carbon Dioxide 


In previous publications, it has been 
shown that the acid-base balance plays a 
role in the susceptibility of rats and mice 
to audiogenic seizure (1, 2). Acidosis, as 
determined by blood pH measurements 
(1) was produced by a carbonic anhy- 
drase inhibitor (acetazoleamide). This 
effect was correlated with diminished 
seizure susceptibility. Alkalosis, produced 
by injections of subtetanic doses of so- 
dium bicarbonate, conversely increased 
the number of seizures. Presumably, the 
observed inhibition of audiogenic seiz- 
ures was due to the accumulation of 
carbon dioxide and the presence of aci- 
dosis in the animals (3). However, since 
acetazoleamide is a drug with rather 
diffuse actions, it seemed desirable to 
determine the effect of carbon dioxide 
without any injected agent on the sus- 
ceptibility of rats to audiogenic seizures. 

The audiogenic seizure apparatus used 
has been described elsewhere (doorbell 
method, /). A rubber tubing inlet was 
provided in the lid of the seizure cham- 
ber to allow the introduction of gases. 
Mixtures of gases prepared consisted of 
carbon dioxide and air, with enough oxy- 
gen added to raise the oxygen concentra- 
tion to between 20 and 21 percent. The 
gas delivery rate into the seizure chamber 
was approximately 8 lit /min. 

Rats were placed in the seizure cham- 
ber 2 minutes before the bell was turned 


Table 1. Inhibition of audiogenic seizures 
by various levels of carbon dioxide. There 
were 24 trials in each series. 


Percentage 
CO, of 
treatment Seizures seizures 
%) (COs rats/ 
controls ) 
2.09 14 77.7 
Controls 18 
4.79 8 42.1 
Controls 19 
8.91 2 11.8 
Controls 17 
13.55 0 0 
Controls 20 


on, and the various mixtures of CO, were 
run into the chamber during this time. 
Actual CO, levels at the end of 2 min- 
utes in the seizure chamber were deter- 
mined by the Haldane method (4). 
Stimulation time was 1.5 minutes, with 
CO, administration being 
throughout. 

The rats were males of the Wistar 
strain weighing 200 to 400 g. 

All rats used in this study were origi- 
nally chosen for their seizure suscepti- 
bility. The rats were divided into two 
groups for testing the effects of the in- 
dividual levels of CO,. One group re- 
ceived CO, at a given level on the first 
trial, and the other group served as con- 
trols; air was delivered into the chamber 
for an equal period of time. Five days 
later, the groups were reversed for the 
second trial, the former controls receiv- 
ing CO, at the same level and the former 
CO, rats acting as controls. 

A seizure was taken as a convulsion, 
usually clonicotonic. If a convulsion did 
not occur, a seizure was not counted. 

Table 1 shows the gas level-response 
data that were obtained by administer- 
ing various concentrations of CO, to 
seizure-susceptible rats and testing for 
seizures after 2 minutes. The CO, levels 
represent actual concentrations in the 
seizure chamber as determined by Hal- 
dane analysis. The various levels from 
top to bottom were obtained by running 
2.5, 5, 10, and 20 percent CO, into the 
seizure chamber for the specified time 
interval. For the control rats, it was 
found that 0.235 percent CO, was pres- 
ent in the seizure chamber. It is appar- 
ent that CO, levels as low as 2.09 percent 
exhibit a slight effect and that 13.55 per- 
cent CO, resulted in complete inhibi- 
tion of seizures. It is interesting to note 
that 8.91 percent CO, resulted in ex- 
actly the same values as injected aceta- 
zoleamide at 200 mg/kg; the latter val- 
ues were obtained from a previous study 
(7). 


In other studies on the effect of acid- 
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base balance on the excitability of the 
central nervous system, convulsions wére 
generally induced by drugs or electric 
shock. In some cases, anesthetized prepa- 
rations were used (5). The present work 
and previous studies on audiogenic seiz- 
ures (1, 2) confirm that CO, accumula- 
tion tends to depress central nervous sys- 
tem excitability and show that this is true 
in the intact animal. 

It has been postulated that the anti- 
convulsant action of acetazoleamide is 
due to direct brain carbonic anhydrase 
inhibition (6). There is little doubt that 
acetazoleamide does inhibit brain car- 
bonic anhydrase, however, in view of in- 
creasing evidence suggesting respiratory 
acidosis resulting from blood carbonic 
anhydrase inhibition after administra- 
tion of large doses of acetazoleamide 
(3, 7); it seems premature to ascribe the 
anticonvulsant effect of acetazoleamide 
to such a localized action. 

Wa ter G. MitcHELL 
Rosert C, Grusss 
Department of Physiology, 
Ohio State University, Columbus 
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Use of Glycine in Bovine Semen 
Extenders Stored at 5° and — 78°C 


The survival time of bovine spermato- 
zoa has been increased with the use of a 
3-percent glycine extender beyond the 
time, obtained with use of a 3.2 percent 
sodium citrate extender when stored at 
4°C (1). This advantage of glycine over 
sodium citrate was believed to be due to 
the low electrolyte content and to the 
maintenance of the functional integrity 
of the sperm cells, Evidence has been 
presented to indicate that amino acids 
play an important role in the physiology 
of the sex organs (2). Further evidence 
has been presented to demonstrate that 
certain amino acids increase the life span 
of sea urchin spermatozoa, but that they 
are not used metabolically. It has been 
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Table 1. Influence of glycine-yolk and 
citrate-yolk extenders on the motility of 
bovine semen stored for 7 days at -78°C. 








- Avg. 
Extender Ejaculates motility 
(No. ) (%) 
3% glycine 10 50.8 + 5.36 
2.05% glycine 10 49.7 + 5.66 


2.9% citrate 


10 50.7 + 6.16 





found that glycine extends the viability 
of fowl spermatozoa (3). 

Gassner and Hopwood (4) have re- 
ported that the amino acids found in 
bovine semen, in order of apparent con- 
centration, are glutamic acid, alanine, 
glycine, serine, and aspartic acid. The 
concentration of any of the five amino 
acids is about the same in both plasma 
and whole semen. 

Tyler and Rothschild (2) observed 
that when whole ‘semen was incubated 
for 3 hours to permit metabolism of fruc- 
tose by spermatozoa, none of the amino 
acids were utilized. The purpose of 
amino acids in semen appears to be other 
than for metabolic functions. Since they 
are amphoteric in reaction, they may be 
a part of the natural buffer system. Gly- 
cine was selected as the amino acid to be 
used in this study because of its natural 
occurrence in semen and because of the 
indication of its possible use that was 
given by other workers (/). 

Three-percent glycine in double-dis- 
tilled water is not isotonic to bovine 
semen. Freezing-point determinations in 
this laboratory indicate that 2.05-percent 
glycine in double-distilled water with 
added antibiotics is isotonic to semen. It 
was decided to test the 2.05-percent and 
the 3-percent levels of glycine against 
2.94-percent sodium citrate (dihydride), 
which would serve as a control, since it 
has been in common use in bovine semen 
extenders for many years. 

The semen was collected from dairy 
bulls in an artificial vagina. It was trans- 
ferred immediately to a test tube that was 
stoppered to prevent contamination. The 
semen was then divided into three equal 
portions and extended with the follow- 
ing: (i) an extender made up of 50 per- 
cent egg yolk and 50 percent by volume 


of 2.94-percent sodium citrate (dihy- 
dride) solution; (ii) an extender made 
up of 50 percent egg yolk and 50 percent 
by volume of 3-percent glycine solution; 
and (iii) an extender made up of 50 per- 
cent egg yolk and 50 percent by volume 
of 2.05-percent glycine solution. The rate 
of extension was 1 part bovine semen to 
20 parts of extender. 

The antibiotic levels used were 0.2 g 
streptomycin and 0.06 g penicillin per 
100 ml extender. The extended semen 
was then cooled in a refrigerator at 5°C 
for 5 hours. A small sample was then 
taken for storage at 5°C. The remaining 
portions were extended by adding at a 
rate of 1 to 1 a solution consisting of (i) 
16 percent glycerol by volume in 2.9-per- 
cent sodium citrate (dihydride) solution; 
(ii) 16 percent glycerol in 3-percent gly- 
cine solution; and (iii) 16 percent gly- 
cerol in 2.05-percent glycine solution, re- 
spectively. The final concentrations of 
the components of the three extenders 
were as follows: (i) 67 ml of 2.9-percent 
sodium citrate (dihydride) solution, 25 
ml of egg yolk, and 8 ml of glycerol; (ii) 
67 ml of 3-percent glycine solution, 25 ml 
of egg yolk, and 8 ml of glycerol; (iii) 
67 ml of 2.05-percent glycine solution, 25 
ml of egg yolk, and 8 ml of glycerol. 

The extended semen was then sealed 
in glass vials and equilibrated for 18 
hours at 5°C. It was then frozen in a 
bath containing acetone and Dry Ice. 
The rate of freezing was 1°/min from 
5° to —15°C and 3 to 4°/min from 
— 15° to— 72°C. The samples were trans- 
ferred to a storage cabinet containing 
Dry Ice in methanol and stored at 
— 78°C. The samples were thawed on the 
seventh day and the percentage of motile 
spermatozoa was observed. The results 
of this trial are presented in Table 1. An 
analysis of variance indicated that the 
differences observed were not significant. 
The motility observations on the ex- 
tended semen stored at 5°C are pre- 
sented in Table 2. After 4 days of storage, 
there appeared to be little difference be- 
tween extenders. After 6 days of storage, 
the glycine-yolk extenders appeared to 
give better results than the citrate-yolk 
extenders. The pH observations indicate 
that glycine does not buffer the ex- 
tended semen as well as sodium citrate. 


Table 2. Influence of glycine-yolk and citrate-yolk extenders on the motility and pH of 


bovine semen stored at 5°C. 





Avg. motility (%) 





pH of extended semen 








Storage Ejaculates a Te — 
(days) (No.) 2.05% 3% 2.9% (days) 2.05% 3% 2.9% 
glycine glycine citrate glycine glycine __ citrate 
2 10 64.4 65.4 63.4 1 6.45 6.40 6.78 
+ 10 58.4 59.4 58.7 5 6.32 6.32 6.73 
6 10 48.4 45.0 40.0 
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We conclude that glycine-yolk extend- 


ers are equally as good as citrate-yolk ex- 


tenders under the conditions of this ex- 
periment. 
Jerry M. Rakes 
Opie T. STALLCUP 
Department of Animal Industry 


and Veterinary Science, 


University of Arkansas, Fayetteville 
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Absence of Indoleacetic 
Acid in the Apple 


Indoleacetic acid (IAA) is now gen- 


rally regarded as an auxin of widespread 


and perhaps universal occurrence in 
plants. The evidence for this view is 
based largely on the occurrence on paper 
chromatograms of plant extracts of an 
acidic substance that has an Ry value 
similar to that of synthetic IAA, which is 
active in promoting cell extension growth 
in coleoptile sections and which may give 
characteristic, although not highly speci- 
fic, color reactions with Salkowski and 
Ehrlich reagents, 

In the acid fraction of ether extracts 
of both fresh and dried apple seeds, pol- 
len, fruits, and leaves we have found an 
auxin with an Ry, value in butanol-am- 
monia of 0.30 to 0.45, which is close to 
that of IAA (Ry, 0.25 to 0.40). This 
auxin, which seems to be the most char- 
acteristic and widely distributed auxin in 
the apple, has been referred to in a pre- 
vious publication as Malus auxin 2 (1). 
Hancock and Barlow (2) also found such 
an auxin in the acid fractions of extracts 
of young apple leaves and concluded that 
it was probably IAA. The failure of this 
auxin to give the characteristic color re- 
actions of IAA even when, according to 
its biological activity, it was present in 
sufficient amount, led us to investigate 
more critically the question of its identity. 
On the basis of evidence presented here, 
we conclude that this auxin is not identi- 
cal with IAA; neither have we obtained, 


in the course of these investigations, any: 


evidence that IAA occurs in apple tissue. 

The absence of typical IAA color re- 
actions is not the result of the presence 
on the chromatogram of inhibitors, be- 
cause authentic IAA cochromatographed 
with the unknown yielded typical IAA 
color reactions. 

The R, of biological activity in these 


chromatograms was usually somewhat 
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greater than that of authentic IAA (Fig. 
1). A critical comparison of Ry values 
was made by eluting material from the 
center of the active spot and rechromato- 
graphing this in butanol-water-ammonia. 
To an adjacent spot of the same extract, 
1 pg of IAA was added; after develop- 
ment, this chromatogram was tested with 
Salkowski reagent. It would appear from 
this experiment that Malus auxin 2 in this 
solvent has an R, value approximately 10 
percent higher than that of IAA (Fig. 2 
It should be noted that a difference in R, 
value of this magnitude would scarcely 
have been detected by the technique of 
Hancock and Barlow (2), who divided 
their chromatogram strips into only ten 
portions preparatory to biological assay. 
Other solvents such as distilled water, 
which is recommended by Sen and Leo- 
pold (3), give more definite separation 
of the unknown auxin and IAA. Malus 
auxin 2 was eluted from butanol chro- 
matograms with 90-percent ethanol. The 
eluate was rechromatographed with water 
as a developing solvent. The Ry, of au- 
thentic I.44 was 0.95 and that of Malus 
auxin 2 was 0.4 to 0.6 (Fig. 3). The 
double peak given by the unknown auxin 
on these water chromatograms is due to 
an inhibitor with approximately the same 
R, value, which causes a depression of 
coleoptile extension in the center of the 
auxin spot. In addition to this inhibitor, 
which shows up as a yellow spot after it is 
sprayed with Ehrlich’s reagent, two fur- 
ther compounds separated out on these 
chromatograms. One of these, at R, 0.25 
to 0.35, gave a pink Ehrlich reaction, 
while the other could be detected by its 
bright blue fluorescence under ultraviolet 
light; neither appeared to be biologically 
active. No Ehrlich reaction was obtained 
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Fig. 1. Chromatograms of the acid frac- 
tion of ether extracts of various apple tis- 
sues, developed in butanol-ammonia and 
assayed in the wheat coleoptile section test. 
The Ry; of IAA in each test, as determined 
by the Ehrlich color reaction, is shown. 
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Fig. 2. Auxin 2, eluted from chromato- 


gram and rechromatographed in butanol- 
amonia, with and without added IAA. 
Auxin 2 was detected by assay in the wheat 
coleoptile section test and IAA was de- 
tected by Salkowski reaction. 
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Fig. 3. Auxin 2, eluted from butanol 
chromatogram of leaf extract and rechro- 
matographed in water, with and without 
added IAA. Chromatograms tested with 
Ehrlich’s reagent and in the wheat coleop- 
tile section test. A clear separation of IAA 
and auxin 2 is shown. 


in a position corresponding to the un- 
known auxin. 

Besides its activity in promoting cell 
elongation, this auxin is active in stimu- 
lating root formation on the hypocotyls 
of Phaseolus vulgaris and in delaying the 
abscission of debladed petioles of Coleus, 
even though, like IAA, it appears to be 
inactive in the tomato ovary test (4). Its 
failure to give a color reaction with Ehr- 
lich’s reagent, even when it is present in 
amounts equivalent to 0.3 wg of IAA, 
suggests that it may not even be an indole 
compound, but this cannot be stated defi- 
nitely on the basis of the present evi- 
dence. The absence of IAA from the 
apple is particularly interesting in view of 
its apparent widespread ‘distribution in 
other plants, including at least one other 
member of the Rosaceae (5). 

Malus auxin 2 appears to be the only 
auxin present in the flesh of the apple; 
in the seeds and leaves, two other un- 
known acid auxins occur in addition to at 
least one neutral auxin (/). Teubner (6 
claims that he has identified the neutral 
auxin of the apple endosperm as ethyl 
indoleacetate. However, his identification 
is based only on a similarity in R, values 
in butanol-ammonia and on color reac- 
tions, both of which are unreliable when 
one is dealing with neutral auxins. In 
view of the apparent absence of IAA, it 
would seem that Teubner’s claim that he 
has found the ethyl ester should be criti- 
cally reexamined. His further assumption 
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that this neutral auxin is the one that 
Luckwill (7) found to be correlated with 
fruit drop is also untenable, for it has 
been previously established that the anti- 
drop auxin of the apple is an acidic sub- 
stance (8). 


L. C. Luckwit.* 
L. E. Powe tt, Jr.} 
Department of Pomology, 
New York State College of Agriculture, 
Cornell University, Ithaca 
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Some Comments on “Temperature 
Profiles Throughout Cigarettes, 
Cigars, and Pipes” 


Recently C. R. Greene (1) reported 
that he had obtained temperatures of 
cigarette “hot spots’—presumably the 
coal temperature—that varied between 
610° and 740°C and smoke temperatures 
entering the mouth that varied from 50° 
to 70°C, Coal temperatures of cigars, 
he stated, range from 600° to 660°C, 
with temperatures of the smoke that 
enters the mouth ranging from 40° to 
60°C. He reported “hot spot” tempera- 
tures of aromatic pipe tobaccos between 
540° and 590°C, while untreated, non- 
aromatic tobaccos had coal temperatures 
of 420° to 450°C. Temperatures of the 
smoke at the bottom of the pipe bowl 
were as low as 30°C with some tobaccos 
and ranged up to 50°C. No mention was 
made of the technique of smoking or of 
the length of the butt of the cigarette or 
cigar that remained when he determined, 
respectively, the coal temperature or the 
smoke temperature. Obviously, in the 
case of smoke temperatures, the tech- 
nique of smoking and the distance that 
the smoke travels from the coal before it 
reaches the thermocouple (or mouth) is 
of great significance. 

There is little in the literature regard- 
ing the temperature of the coal of ciga- 
rettes, cigars, and pipes or the main- 
stream smoke temperatures. In 1936 
Bogen (2) reported that the temperature 
of inhaled cigarette smoke changed very 
little from that of room air during the 
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burning of the first quarter of the ciga- 
rette, but that there was a gradual rise 
with successive puffs until about one-half 
of the cigarette had been consumed, at 
which point the temperature reached 
that of the human body. 

Mulinos and Cockrill (3), using an in- 
termittent suction-type smoker, reported 
that there was no change in main-stream 
cigarette smoke temperatures until after 
5 cm of the cigarette had been consumed 
and that the temperature of the smoke 
did not exceed body temperature until 
a butt length of about 1 cm remained. 

McNally (4), using thermometers 
placed in the smoke stream, reported 
that smoke temperatures for the first 31 
cm of the cigarette remained at about 
27°C. This temperature gradually rises 
to 52°C when the cigarette is smoked to 
within 0.5 cm of the end. McNally also 
pointed out that rapidity of smoking is a 
very important factor, since cigarettes 
that are smoked in a very short period of 
time show much higher smoke tempera- 
tures, particularly when butt lengths be- 
come shorter than 2 cm. 

In this laboratory the temperature of 
main-stream cigarette smoke and coal 
temperatures have been measured under 
conditions simulating human smoking. 
The smoking technique used consists of 
taking one 35-ml puff of 2-second dura- 
tion once each minute. This technique 
has become standard practice in the in- 
dustry and is currently used in most 
other laboratories where serious investi- 
gations of the composition of smoke are 
being undertaken. 

Measurements of cigarette smoke tem- 
peratures were accomplished by means 
of thermocouples made from No. 40 B 
& S gage iron and constantan wire con- 
nected to a recording pyrometer. The 
thermocouple was drawn into the middle 
of the cigarette 35 mm from the end to 
be lighted by piercing it at right angles to 
its longitudinal axis with a needle. After 
the thermocouple junction was in place in 
the cigarette, the holes around the wires 
were sealed with a small amount of Duco 
cement. Marks were made at 1-mm inter- 
vals along the seam so that the distance 
of the coal from the thermocouple could 
be estimated. The ambient temperature 
was 23°C, 

Several determinations of smoke tem- 
perature at various distances from the 
coal were made, and the results were 
plotted. A smooth curve drawn through 
the points showed smoke temperatures 
as follows: at a distance of 35 mm from 
the coal, the smoke temperature was 
23°C; at 30 mm, 26°C; at 23 mm, 37°C; 
at 20 mm, 49°C; at 10 mm, 73°C; and 
at 3% mm, 103°C. Thus, it is seen that, 
when cigarettes are smoked under con- 
ditions simulating human smoking, the 
temperatures of smoke that would enter 
the mouth do not exceed body tempera- 





ture unless the cigarette is burned to a 
shorter butt length than 23 mm. In our 
experience, not one cigarette smoker in 
1000 smokes to a butt of length less than 
23 mm. Hence, the smoke entering the 
mouth almost never exceeds body tem- 
perature. 

Cigarette coal temperatures were meas- 
ured by thermocouples made from No. 40 
B & S gage platinum and platinum-10- 
percent rhodium wires brazed to make 
the smallest durable junction. The ther- 
mocouple was positioned across the lon- 
gitudinal axis of the cigarette 15 mm 
from the end to be lighted. Temperature 
measurements were made by means of a 
Leeds and Northrop potentiometer. In 
order to obtain maximum coal tempera- 
tures during puffing, puffs were taken as 
rapidly as resulting temperatures could 
be accurately measured by the poten- 
tiometer. Using this technique, tempera- 
tures of the cigarette coal during puffing 
averaged about 774°C, while free-burn- 
ing (not puffing) coal temperatures aver- 
aged about 746°C. Since smoke tempera- 
tures at a distance of 3% mm from the 
coal were about 103°C and maximum 
coal temperatures during puffing were of 
the order of 774°C, it is seen that the 
smoke had cooled 671°C while traveling 
a distance of only 3% mm. The time that 
it takes the smoke to travel this distance 
is of the order of 0.01 second, which 
gives some indication of the rapid rate of 
cooling. 

In the case of pipe smoking, the usual 
range of temperatures of smoke is of the 
order of 34° to 41°C. The technique used 
for studying pipe smoke was considerably 
different from that used for cigarettes. 
Pipe smokers take several small puffs in 
very short periods of time and then delay 
for a much longer period before puffing 
again. The temperatures reported here 
were obtained by puffing eight or nine 
times per minute, taking a 25-ml puff of 
1-second duration. Coal temperatures in 
the pipe ranged from 704° to 871°C. No 
measurements of cigar smoke and coal 
temperatures have been made in this 
laboratory. 

Greene postulates that the “wide tem- 
perature difference between cigarettes 
and pipes must be due, in part, to the 
potassium chlorate used to treat cigarette 
tobacco in order to insure even and con- 
tinued burning.” The assertion that oxi- 
dizing agents such as potassium chlorate 
are used to control the burning of ciga- 
rette tobacco has appeared in the litera- 
ture at intervals for many years. Such 
statements, unsupported by facts, tend to 
perpetuate misinformation. To correct 
this misapprehension, it may be stated 
categorically that oxidizing agents are not 
added by any of the leading tobacco 
manufacturers. 

Greene’s conclusion that cigarettes are 
more carcinogenic than pipes is based on 
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the premise that cigarette coal tempera- 
tures are about 300°C higher than the 
coal temperatures in pipes. The results 
obtained in this laboratory indicate, if 
anything, that the burning coal in the 
pipe is at a more elevated temperature 
than that of the cigarette. We are cer- 
tainly not qualified to attempt to relate 
combustion temperatures and carcinoge- 
nicity. Furthermore, we are not aware 
that it has been established that cigarette 
smoke is carcinogenic. Many reputable 
investigators have been unable to produce 
cancer in animals by means of cigarette 
smoke tars, and no one has yet demon- 
strated that tobacco smoke is carcino- 
genic to human beings. 

E. S. Harrow 
Research Laboratory, American 
Tobacco Company, Richmond, Virginia 
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4 November 1955 


E. S. Harlow has criticized the incom- 
pleteness of my brief report and points 
out the fact that the tobacco industry has 
standardized techniques that simulate 
human smoking. As previously ‘indicated 
[Science 122, 514 (1955)], I am a petro- 
leum chemist who was led into this di- 
gression by curiosity. In measuring the 
temperatures that I reported, the indi- 
vidual who donated the particular ciga- 
rette, cigar, or pipe was kind enough to 
smoke it in his usual manner while the 
temperatures were being measured. This 
uncontrolled method of determining 
these temperatures may, in some respects, 
be responsible for the differences in 
smoke temperatures found in the appa- 
ratus that simulates human smoking and 
those found in my cursory examination. 

I certainly did not intend to perpetu- 
ate a misapprehension by suggesting that 
cigarettes may have a higher coal tem- 
perature because of the use of an oxidiz- 
ing agent, such as potassium chlorate. 
However, I have observed that certain 
brands of cigarettes, when placed in an 
aqueous solution of potassium iodide, will 
produce a titratable amount of iodine. 
Furthermore, cigarettes, unlike cigars or 
pipes, will burn to extinction once they 
are lit. 

The basic point that I would like to 
reemphasize in the light of Harlow’s in- 
formative letter concerns the possible 
chemistry involved in tobacco combus- 
tion. As Harlow points out, the tempera- 
ture a few millimeters from the glowing 
coal is comparatively quite cold. There- 
fore, in smoking, tobacco is very rapidly 
heated to extremely high temperatures. 
When pure organic compounds are sub- 
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jected to such treatment in the labora- 
tory, a profusion of very reactive free 
radicals results. It would, therefore, seem 
reasonable to postulate that the smoking 
of tobacco will result in the formation of 
free radicals. It should be comparatively 
easy to identify any free radicals in the 
tobacco smoke by using techniques such 
as paramagnetic resonance absorption. 
Although it is true, as Harlow points 
out, that recent, well-publicized results 
of the statistical groups within the Amer- 
ican Medical Association do not conclu- 
sively prove a relationship between ciga- 
rette smoking and lung cancer, one 
cannot, with true scientific impartiality, 
ignore these findings. If one accepts the 
postulate that there may be a possible 
relationship between cigarette smoking 
and lung cancer, we must then find a 
verifiable hypothesis to explain such a re- 
lationship. It was from this standpoint 
that the proposal was made that the dif- 
ferences in coal temperatures between 
cigarettes and pipes may lead to a dif- 
ference in the concentration of volatile 
radicals liberated during the burning of 
tobacco. As Harlow’s results show, the 
conditions in burning tobacco are those of 
thermal cracking. The transitory product 
of thermal cracking is free radicals. 
There is an overwhelming accumulation 
of evidence in the scientific literature that 
free radicals and compounds that readily 
yield free radicals are carcinogenic. In 
testing any hypothesis that would relate 
cigarette smoking to lung cancer, it 
would, therefore, appear to be of interest 
to examine cigarette smoke for the pres- 
ence of free radicals or free-radical pre- 
cursors. 
Cuares R. Greene 
49 Norwood Avenue, Berkeley, California 
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Virus of Bats Antigenically 
Related to St. Louis Encephalitis 


A bat survey was begun early in 1954 
at the Brooke Army Medical Center, 
Fort Sam Houston, Tex., because of a 
malady afflicting the bat colony. An en- 
cephalitis was apparent among these 
animals as manifested by deranged be- 
havior, muscular tremors, urine incon- 
tinence, and paretic manifestations. Hun- 
dreds of deaths were recorded. 

The purpose of this acticle is to report 
that, on separate occasions, in addition 
to the isolation of the virus of rabies 
from bats, a virus antigenically related 
to St. Louis encephalitis was recovered. 

At first, the bat encephalitic manifes- 
tations were attributed to the effects of 
an intensified DDT program in the area. 
Chemical analyses of 3.62 g of omentum 
collected from 93 bats revealed a total 
of 184 ug of DDT, the equivalent of 50 


ppm (/). Studies conducted by Hayes 
(2) on the relationship between dosage 
of DDT and its storage in adipose tissue 
for several species of animals that were 
fed daily doses of the compound indi- 
cate that the storage level we found in 
bats of 50 ppm of DDT would require 
a DDT dosage level of about 0.08 mg/kg 
a day. Rats can withstand daily doses of 
DDT at more than 100 times this level. 
It would not be expected, on the basis 
of results with other species, that any 
harmful effects would result in bats from 
this amount of DDT exposure. 

Bacteriological studies of brain, liver, 
and spleen employing differential me- 
diums for the isolation of aerobic and 
anaerobic bacteria were essentially nega- 
tive. 

From the brain tissue of 335 necrop- 
sied bats, nine virus isolates were ob- 
tained in white Swiss mice (3, 4). These 
isolates were identified as the virus of 
rabies by the standard intracerebral neu- 
tralization technique. Tests with infected 
mouse brain tissue against known rabies- 
immune horse serum demonstrated that 
the immune serum neutralized both its 
homologous virus and the newly isolated 
bat strains. 

In addition to confirmed rabies isola- 
tions, five other viral agents were re- 
covered from the salivary glands of en- 
cephalitic bats in white Swiss mice. The 
bat salivary gland virus has an incuba- 
tion period of 5 to 6 days intracerebrally 
in mice. With the exception of mice and 
bats, host susceptibility studies including 
rabbits, hamsters, guinea pigs, and goats 
were negative. 

Reciprocal complement-fixation tests 
with known neurotropic virus antigens 
and antiserums and with antigens and 
antiserums to the bat salivary gland agent 
suggest that the bat virus shares some 
antigen common to St. Louis encephalitis 
virus (Hubbard strain). Thus, specific 
St. Louis encephalitis guinea pig anti- 
serums consistently fix complement with 
bat antigens. This fixation is of low order 
and is not reciprocal, for high-titered bat 
antiserums will not fix complement with 
St. Louis encephalitis antigens. No rela- 
tionship to any other arthropod-borne 
virus has been demonstrated by comple- 
ment-fixation tests. 

The bat virus is partially neutralized 
by potent hyperimmune St. Louis en- 
cephalitis rabbit serum. There was no 
evidence of reciprocal activity. Anti- 
serums of western equine encephalomye- 
litis, eastern equine encephalomyelitis, 
lymphocytic choriomeningitis, encepha- 
lomyocarditis, and rabies exhibited no 
neutralizing effect against the bat virus. 

Kenneta F, Burns 

Cuarwes J. Farmacct 

Fourth Army Area Medical Laboratory, 
Brooke Army Medical Center, 


Fort Sam Houston, Texas 
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Quantitative Microinjection 
of Mosquitoes 


A method for obtaining oocysts of the 
malaria parasite free from the mosquito 
stomach wall was sought as a further step 
toward the in vitro studies of the develop- 
ment of oocysts of Plasmodium relictum 
in Culex tarsalis (1). Following Weath- 
ersby’s results (2) in obtaining infection 
of the mosquito (Aedes aegypti) with 
oocysts unattached to the stomach wall 
by injecting blood infected with the para- 
site (Plasmodium gallinaceum) into the 
hemocoele of the insect, an attempt was 
made to use this technique to obtain free 
oocysts (3). 

The injection setup consisted of two 
parts, the injector and the insect holder 
(Fig. 1). Adapted from the “braking” 
pipette of Holter (4), the injector was 
made of two components: (i) a needle 
drawn from glass tubing forming a spin- 
dle with a capillary at each end and (ii 
a glass tubing jacket, tapered at one end, 
into which the spindle was sealed and 
made airtight with Duco cement (Fig. 2, 
top). For injection, the injector was 
clamped firmly to a stand in a horizontal 
position and fastened to a rubber bulb 
that was provided with a check valve. 
Solutions to be injected were brought in 
touch with the point of the needle; the 
spindle then filled itself through capillary 
action. Known quantities of solution were 
obtained by using accurately calibrated 
spindles of different sizes. 

The insect holder was a device similar 
to that of Wallis (5). It was made of 
glass tubing with a tapering end. The in- 
sect was held on the opening of this end 
by suction (Fig. 2, top). Successful at- 
tachment depended on a suitable size of 
the opening and the shape of the contact 
area of the insect. An opening with a 
curved surface could be ground to suit 
the particular need. The holder was 
mounted on a clamp that was attached to 
a mechanical stage by a spring-loaded 
lever. A screw in control of the lever pro- 
vided vertical movement, as is shown in 
Fig. 1, Thus, within a sufficient range, the 
holder could be fitted to any position de- 
manded. 

The injection was carried out by set- 
ting the needle point of the injector in 
the center of the field of the dissecting 
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microscope and then bringing the insect, 
impelled by the holder, to the needle. 
When the needle had pierced the body 
wall of the insect, pressure was main- 
tained on the rubber bulb until the in- 
sect was drawn away from the needle in 
order to avoid backflow of the injected 
material, 

The site selected for injection was the 
base of the metacoxa (Fig. 2, top); and 
the age of the mosquitoes used was not 
less than 3 days, for younger ones did not 
stand injection well. To immobilize the 
mosquitoes, a combination of carbon di- 
oxide and cold was found satisfactory. 
The mosquitoes were first knocked down 
by CO,, separated into small lots, and 
then kept inactive in an ice bath. A con- 
tinuous CO, chamber in which the in- 
jection was carried out was found to be 
very convenient but was abandoned be- 
cause of the possible effect on the solu- 
tion to be injected. 

Before injecting the parasitized blood 
of the canary, the technique of injection 


and the effect of the anticoagulants were 
tried on both sexes of the mosquitoes. 
The anticoagulants used were either so- 
dium citrate or heparin in normal saline. 
At times, glucose was added to the saline- 
anticoagulant mixture as a possible essen- 
tial food supplement for the activities of 
the parasites. Doses of 0.61 mg (compa- 
rable to the amount of blood in a fully 
engorged mosquito) each were injected 
into the females. Almost 100-percent sur- 
vival was obtained regularly. Needles 
varying in diameter from 10 to 90 pu were 
equally safe, and in one experiment, a 
needle 300 » in diameter was used on 13 
females, nine of which survived for many 
days. 

Repeated injections were also tried on 
a total of 21 females in two separate 
trials. These were fully injected three 
times on alternate days with a needle 
40 pw in diameter, and 19 were still sur- 
viving on the third day following the last 
injection. 


However, the males were less hardy, 





Fig. 1. Insect holder and injector. 
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Fig. 2. (Top) Injection of mosquito; (bottom) forced feeding of mosquito. (1) Needle, 
(2) jacket, (3) insect holder, (4) glass tubing, (5) plastic rod, (6) micropipette. 
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and about 40 percent of them died on 
the third day after being injected with 
0.41 mg of either heparinized or citrated 
saline solution. The needle diameter was 
about 40 pw. 

For injecting parasitized blood, canary 
blood at the peak of infection was drawn. 
Either heparin, citrate, or additional glu- 
cose was added, or the blood was sub- 
jected to centrifugation and washed with 
normal saline; then it was injected into 
the mosquitoes. When saline-anticoagu- 
lant solution was used, the blood was di- 
luted by one-fourth of its volume. How- 
ever, when the blood cells were washed 
with normal saline without including an 
anticoagulant, the mixture was centri- 
fuged, the supernatant was drawn away, 
and the original volume of the blood was 
restored with saline. 

By the end of 2 weeks—the normal 
time for maturity of oocysts in the labo- 
ratory—the injected mosquitoes were dis- 
sected and examined for oocysts and 
sporozoites. The total number of the fe- 
males surviving and examined was 73 out 
of 322 injected (23 percent), and of the 
males, five out of 118 (4 percent). In all 
cases the results were negative. Since the 
main purpose of this experiment was to 
obtain young oocysts free from the stom- 
ach wall of the mosquito for in vitro cul- 
ture studies, the possible presence of 
oocysts and sporozoites was neither 
searched for histologically, nor was their 
presence tested by permitting the mos- 
quitoes to bite a canary as Weathersby 
did in his unique experiments (2, 6). 

To test the viability of the parasites, 
mosquitoes were fed artificially with a 
micropipette (7) that contained some of 
the sample of blood employed for injec- 
tions (Fig. 2, bottom). Practically all the 
females that took the blood, heparinized 
or citrated, developed oocysts and sporo- 
zoites in a normal course. Viable eggs 
were laid and normal adults emerged in 
due time. A few males were also induced 
to feed, but none of them lived long 
enough to be dissected for the examina- 
tion for any possible infection (8). 

These techniques may well serve ad- 
vantageously for research on mosquitoes 
carrying viruses, such as the recent work 
of McLean (9). 

Jowett CxHao 
Gorvon H. Batt 
Department of Zoology, 
University of California, Los Angeles 


References and Notes 


1. G. H. Ball, Expil. Parasitol. 3, 358 (1954). 

2. A. B. Weathersby, J. Infectious Diseases 91, 
198 (1953). 

3. This work was aided by grant No. 1857 from 
the U.S. Public Health Service. 

4. H. Holter, Compt. rend. trav. lab. Carlsberg, 
Sér. chim. 24, 399 (1943). 

5. R. C. Wallis, Mosquito News 13, 15 (1953). 

6. A. B. Weathersby, Exptl. Parasitol. 3, 538 
(1954). 

7. N. B. Vainshtein, Re: 
265 (1936). 


10 FEBRUARY 1956 


. Appl. Entomol. B24, 


8. P. F. Rusell, Am. J. Trop. Med. 11, 355 (1931). 
In one case, a single oocyst of 7 » was found in 
the midgut of a male C. quinquefasciatus 15 
days after the mosquito had fed on canary blood 
that was infected with P. cathemerium. 

D. M. McLean, Australian J. Exptl. Biol. Med. 
Sci. 33, 53 (1955). 


© 


fo} 


August 1955 


Ethylene Oxide for 
Sterilizing Diets 


Hawk and Mickelsen (1) showed that 
treatment of diets for rats with ethylene 
oxide produced deleterious effects. Thia- 
mine was almost completely destroyed, 
but this was not the sole effect, for sup- 
plementation with either thiamine or a 
complete vitamin mixture did not sig- 
nificantly stimulate growth. 

At our laboratory, ethylene oxide in 
both the liquid and the gaseous (2) forms 
has been successfully used to sterilize 
liver brei, a chemically defined diet (3), 
and various mixtures of these two foods 
that were used to rear the larvae of the 
dipterous parasite Pseudosarcophaga af- 
finis (Fall.) (4 

Liquid ethylene oxide was used to 
sterilize the liver brei. Working in a cold 
room (1°C) with’ thoroughly chilled 
materials, we pipetted 1 ml of ethylene 
oxide into 250-ml florence flasks contain- 
ing 100 g of liver brei. After 2 hr in the 
cold room, the flasks were allowed to 
reach room temperature in a well-venti- 
lated area. They were then placed in an 
incubator at 37°C for 24 hours to re- 
move toxic traces of ethylene oxide. 
Fifty larvae were reared individually on 
aliquots of the sterile brei. They thrived 

Gaseous ethylene oxide was used to 
sterilize 66 chemically defined diets con- 
taining various amounts of liver. Forty 
milliliters of each diet, without added 
vitamins, were placed in 250-ml florence 
flasks and sterilized. A low-pressure sup- 
ply of gas was obtained by partially in- 
flating a valveless inner tube. The gas in 
the inner tube was used immediately to 
reduce the time of contact with the rub- 
ber. The flasks containing the material 
to be sterilized were put in a 250-mm 
vacuum desiccator, and the pressure was 
reduced 25 to 26 in.-Hg below ambient. 
The gas was admitted from the inner 
tube until the pressure in the desiccator 
was within 5 in.-Hg of the ambient pres- 
sure. The cycle of evacuation and admis- 
sion of carboxide was repeated once. 

The material was allowed to remain 
in the atmosphere of ethylene oxide for 
at least 24 hours, and then the desiccator 
was flushed with air three or four times. 
The diets were allowed to stand at room 
temperature for approximately 24 hours 
before use. The vitamins, in solution, 
were then filtered through a bacteriolog- 


ical filter and added to the medium un- 
der aseptic conditions. In all, 3250 larvae 
were reared individually on diets that had 
been sterilized in this manner, and only 
four were contaminated. On media that 
contained no liver, whether sterilized by 
autoclaving or by ethylene oxide, 50 per- 
cent of the larvae reached the third in- 
star in about 5 days. Ethylene oxide, 
therefore, did not have a deleterious ef- 
fect on the diet. 

The difference between these results 
and those of Hawk and Mickelsen (/) 
may be a result of differences between 
parasitic larvae and rats, but several ad- 
ditional reasons can be suggested. The 
vitamins of the chemically defined diets 
were not exposed to ethylene oxide. The 
diets were treated in a buffered solution, 
not in the dry state (as the rat diet was 
treated), and carbon dioxide was present 
as well as ethylene oxide. These differ- 
ences in technique may well have com- 
bined to prevent the development of the 
high pH to which Hawk and Mickelsen 
attributed some of the injurious effects 
of ethylene oxide. In the liver brei that 
was treated with liquid ethylene oxide, 
there probably was a considerable buffer- 
ing action, as well as some protective 
combinations of nutrilites not present in 
the rat diet. 

J. S. Bartow 

H. L. House 
Entomology Laboratory, Science Service, 
Canada Department of Agiculture 
Belleville, Ontario 
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Correction 


The filter paper strips used in V. L. 
Johnson and J. S. Dunlap “Electropho- 
retic separation of hemoglobins from the 
chicken” [Science 122, 1186 (1955)] 
should be listed as follows: S. and S. 
No. 2043 B. 

Verner L. JoHNSON 
Jack S. DuNniapP 
Department of Veterinary Physiology 
and Pharmacology and Department of 
Veterinary Pathology, State College 
of Washington, Pullman 
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Static and Dynamic Electron Optics. An 
account of focusing in lens, deflector, 
and accelerator. Cambridge Monogr. 
on Mechanics and Applied Mathemat- 
ics. P. A. Sturrock. Cambridge Univ. 
Press, London, 1955. x + 240 pp. $5.50. 


The range covered by this book is in- 
dicated more clearly by the subtitle “An 
account of focusing in lens, deflector, and 
accelerator.” On the other hand, the sub- 
title should not mislead the reader into 
thinking that the book is concerned with 
devices. It is not. The emphasis is on the 
focusing. Furthermore, as the author 
makes plain in the preface, if not in the 
title, this is a theoretical treatise. Exam- 
ples illustrating the theory are used spar- 
ingly. 

In brief, the book is a treatise on geo- 
metric electron optics based, almost en- 
tirely, on the use of variational principles 
and the Hamiltonian characteristic func- 
tions in particular. The portion on static 
electron optics proceeds, after a brief 
introductory chapter, to a general treat- 
ment of path ensembles in the electric 
and magnetic field; imaging along curvi- 
linear axes; the focusing properties of 
rotationally symmetric fields, including 
a derivation of third-order geometric, 
chromatic, and “relativistic” aberrations 
and the effect of space charge and asym- 
metries; and focusing in fields with mir- 
ror symmetry as encountered in deflec- 
tion fields and particle spectrometers. 

In the second part, on dynamic elec- 
tron optics, time is introduced as an 
added variable in the characteristic func- 
tion, and emphasis is placed on the “‘sta- 
bility” of path ensembles—that is, the 
convergence or divergence of their en- 
velopes. Its two chapters deal, respec- 
tively, with uniform focusing in particle 
accelerators, as illustrated by the original 
synchrotron and linear accelerator, and 
periodic focusing, exemplified by the 
strong-focusing synchrotron. 

The scope of the book does not include 
the determination of focusing fields, fo- 
cusing by electron mirrors, and the be- 
havior of beams in fields in which there 
is a dynamical interplay between space 
charge and electrode potentials. 

Even so, confining the information 
contained in it to 240 pages is a remark- 
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able accomplishment. It is made possible 
in part by making greater claims than 
usual on the reader’s familiarity with 
theoretical mechanics and matrix and 
vector operations, in part by the prac- 
tically complete avoidance of repetition. 
Finally, choices of units that eliminate 
constant coefficients simplify formulas 
and equations. This may well be worth 
while, even though it robs the reader of 
the comfort of dimensional checks and 
makes casual reference somewhat more 
difficult. 

In summary, Sturrock’s book is a 
unique and valuable contribution to the 
literature of electron optics. It is not an 
easy book to read. However, a careful 
perusal is likely to prove both stimulat- 
ing and highly rewarding. 

E. G. RAMBERG 
RCA Laboratories 


Vitamins and Hormones. vol. XIII. 
Robert S. Harris, G. F. Marrian, and 
Kenneth V. Thimann, Eds. Academic 
Press, New York, 1955. xi + 382 pp. $9. 


The marriage between the sciences of 
nutrition and endocrinology, arranged by 
the editors in 1943, in volume I of this 
series, continues to show no signs of strain 
or dissolution, like any good mariage de 
convenance. The present volume contains 
nine chapters by authors in four coun- 
tries, five related to vitamins, two dealing 
with other nutritional topics, and two 
with hormones. 

The eclecticism that results in the as- 
sembling of nine diverse surveys really 
means that within the covers of this vol- 
ume one has nine small books—which 
would demand, at least, nine small re- 
views. But this, like small praise, would 
be damning, and the reader will under- 
stand if I settle for a brief run-through. 

A. E. Axelrod and J. Pruzansky have 
set forth “The role of the vitamins in 
antibody production” and, by dissecting 
their analysis away from the thorny prob- 
lems of resistance to infection, have suc- 
ceeded in giving the subject a degree of 
definition that it has heretofore never 
possessed. 


Harry J. Deuel, Jr., and Raymond 





Reiser review the physiology and bio- 
chemistry of the essential fatty acids. This 
is straightforward and is in the nature of 
a progress report involving the applica- 
tion of the newer technology in lipid 
chemistry. 

L. W. Mapson has totted up the pres- 
ent information on the biosynthesis of as- 
corbic acid, from p-glucose to the com- 
pletely inverted L-ascorbate. 

J. E. Ford and S. H. Hutner have 
pulled together the many diverse aspects 
of the role of vitamin B,, in microorgan- 
isms, especially as tools in the penetra- 
tion into the nest of the rapidly spawning 
multiplicity of pseudovitamin B,, com- 
pounds, 

Charles C. Ungley’s thoughtful essay 
on the chemotherapeutic action of vita- 
min B,, contains an interesting synopsis 
of the present knowledge of Castle’s in- 
trinsic factor and nails to the mast, once 
more, the dictum that, with the exception 
of the action of vitamin B,,, in cyanide 
poisoning, the only certain chemothera- 
peutic action of vitamin B,, seems to be 
the correction of the metabolic disorder 
that results from an existing deficiency of 
the vitamin. 

Lionel B. Pett, in a pithy piece, says 
some things about vitamin requirements 
of human beings that have needed saying. 
As Pett points out, we tend to ignore in 
these matters (i) biological variation, 
(ii) the phoniness of the view that con- 
suming several multiples of demonstrable 
needs results in a kind of superhealth, 
and (iii) the undemonstrated basis of 
the view that to grow faster and larger 
is, ipso facto, an advantageous goal. 

Dean A. Smith, in his view of parasitic 
infections and nutrition, is at his ease in 
dealing with the effect of the parasite on 
the nutrition of the host—which he finds 
is bad—but stumbles when he deals with 
the effects of host nutrition on the para- 
site and the disease it brings about. 

W. S. Bullough concentrates on hor- 
mones and mitotic activity, but his con- 
tribution is overshadowed by the mas- 
terly essay of Oscar Hechter entitled 
“Concerning possible mechanisms of hor- 
mone action.” Indeed, if the present vol- 
ume has any claim to being memorable, 
it will be for its inclusion of this article 
by Hechter. Proceeding from an analysis 
of the operational bases of endocrinology, 
Hechter advances in the best scientific 
tradition to recover some important ques- 
tions that have been lost in the modern 
mumble of answers. Like the best of phi- 
losophers, this author generates a certain 
disquietude and courageously, but mod- 
estly, stands against the stream of pres- 
ent preoccupation with energetics as suit- 
able answers to all biological questions. 

The widely accepted hormone-enzyme 
hypothesis here undergoes a searching 
cross-examination—and emerges scathed. 
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To this poverty of theoretical thought, 
Hechter brings some enriching gifts of 
his own and finally, having shown that 
the “old” pharmacologist’s concern with 
cell membranes was not so naive after 
all, we are left with some hard-headed 
criteria against that day when we think 
we understand how a hormone “acts.” 
Howarp A. SCHNEIDER 
Rockefeller Institute for 
Medical Research 


Recent Progress in Hormone Research. 
vol. XI. Proceedings of the 1954 Lau- 
rentian Hormone Conference. Gregory 
Pincus, Ed. Academic Press, New 
York, 1955. 518 pp. Illus. $10. 

The Hormones. Physiology, chemistry 
and applications. vol. III. Gregory 
Pincus and Kenneth V. Thimann, 
Eds. Academic Press, New York, 1955. 
xiii + 1012 pp. Illus. $22. 


The ten previous volumes of Progress 
in Hormone Research, the proceedings of 
the Laurentian Hormone Conferences, 
provide the best interpretative record in 
existence of the progress of endocrinology 
during the decade in question. The new 
volume, XI, maintains the fine tradition 
of those that preceded it. In a more en- 
cyclopedic vein, volume III of The Hor- 
mones presents the combined efforts of a 
distinguished group of investigators, rang- 
ing from botanists to internists, to record 
the current status of studies of internal 
secretion in plants and invertebrate and 
vertebrate animals. They, too, have suc- 
ceeded well. 

I was introduced to endocrinology at 
a time when the pioneer teachers, such 
as W. W. Swingle, covered all important 
aspects of their subject in the lectures of 
one course. A glance at these two vol- 
umes shows that such feats are no longer 
possible. The field must now be subdi- 
vided into its own specialties, which in 
turn pervade almost all branches of bio- 
logical science. Volumes like the two 
under consideration provide the indis- 
pensable reference tools through which 
some degree of unity and coordination 
can be achieved. 

The Laurentian volume contains re- 
views of work on the following new sub- 
stances by the investigators most directly 
involved: crystalline neurohypophyseal 
hormones (van Dyke et al.), amphenone 
(Hertz et al.), halogenated corticoids 
(Fried et al.), and aldosterone (Simpson 
and Tait). In addition, there are authori- 
tative presentations on the regulation of 
ACTH secretion (Munson and Briggs), 
metabolism of anterior pituitary hor- 
mones (Sonenberg and Money), hor- 
mones and abnormal growth (Furth; 
Rawson and Rall), the relation of hor- 
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mones to aging (Engle; Pincus et al.), 
the mechanism of action of insulin 
(Levine and Goldstein), effects of ions 
and hormones on carbohydrate metabo- 
lism (Hastings et al.), and of humoral 
cardiovascular relationships (Stammler 
et al.; Shorr et al.). The value of each 
paper is enhanced by the inclusion of ex- 
tensive and well-edited discussions in 
which many new contributions are noted. 

The Hormones is in the tradition of 
the German Handbuchs and includes 
comprehensive chapters, each with an ex- 
tensive bibliography, on the following 
broad topics: plant growth hormones 
(Thimann and Leopold), invertebrate 
hormones (Scharrer), neurohormones 
(Welsh), parathyroids (Greep and 
Kenny), insulin and glucagon (Stetten 
and Bloom), chemistry of the anterior 
pituitary hormones (Hays and Steel- 
man), growth hormone and corticotro- 
phin (Astwood), gonadotrophins and 
lactogen (Cowie and Folley), posterior 
pituitary (Landgrebe et al.), thyroid 
(Rawson et al.), steroid chemistry 
(Hirschmann) , steroid metabolism (Dorf- 
man), “vary and testis (Pincus), adrenal 
cortex (Noble), and clinical endocrinol- 
ogy (Paschkis and Rakoff). 

Rosert GAUNT 

Research Department, 
CIBA Pharmaceutical Products, Inc. 


Protein Malnutrition. Proceedings of a 
conference in Jamaica sponsored 
jointly by the Food and Agriculture 
Organization of the United States; 
World Health Organization; and Jo- 
siah Macy, Jr., Foundation, New York. 
J. C. Waterlow, Ed. University Press, 
Cambridge, England, 1955. xvi +277 
pp. Plates. 


This monograph covers the proceed- 
ings of a conference on malnutrition held 
in Jamaica in 1953. The discussion is 
divided into the biochemical aspects, the 
pathology, the clinical aspects and treat- 
ment, and the epidemiology and preven- 
tion of protein malnutrition. The con- 
ference is carried on in the manner char- 
acteristic of the Macy conferences. The 
participants discuss the presentation 
freely. The reader becomes part of the 
conference and is exposed to the different 
points of view of the various members. 

The biochemical aspects are presented 
by J. C. Waterlow of the University Col- 
lege of the West Indies in Jamaica. A 
good deal of his discussion is concerned 
with the clinical condition known as 
kwashiorkor, which occurs in children in 
certain parts of the world and is associ- 
ated with liver damage. In considering 
the state of protein depletion, he points 
out that the degree of depletion, the pat- 


tern of depletion, and its chronicity must 
be considered. The ultimate aim should 
be to find some means of assessing these 
three factors and studying how they in- 
teract in any given case. 

The pathology of protein malnutrition 
is discussed by G. R. Bras of the Univer- 
sity College of the West Indies in Ja- 
maica. He describes venous occlusive dis- 
ease (V.O.D.), a condition not seen in 
this part of the world. V.O.D. leads to 
severe pathological changes in the liver, 
sometimes indistinguishable from other 
infantile cirrhoses. It is frequently pre- 
ceded by an acute infection, but it is 
always associated with malnutrition. 

The clinical aspects and treatment of 
protein malnutrition are presented by 
M. V. R. Rao of the Haffkine Institute, 
Parel, Bombay, and are discussed in 
great detail by the group. 

The epidemiology and prevention are 
presented by R. F. A. Dean of Uganda, 
East Africa. Discussion was aimed at the 
broad principles of prevention and treat- 
ment of malnutrition of children all over 
the globe. The question of the relation 
of the onset of the disease to the time of 
weaning was discussed at great length. It 
was obvious from the discussion that 
parasitic infestation and infection play a 
considerable part in the onset of the pro- 
tein malnutrition diseases. Most of the 
members of the panel felt that it was im- 
portant to derive protein from foods that 
could be grown locally. 

This conference is excellent. The inter- 
ruptions are sometimes a little disconcert- 
ing but always provocative. There is a 
tremendous amount of information in 
this monograph that will be of interest, 
not only to the individuals inhabiting the 
areas of the world where protein malnu- 
trition in children has a high incidence, 
but also to those of us in this part of the 
world interested in the nutritional aspects 
of disease. 

Evaine P. Rau 
Deparment of Medicine, 
New York University College of Medicine 


Microscopy of Ceramics and Cements. 
Including glasses, slags, and foundry 
sands. Herbert Insley and Van Derck 
Fréchette. Academic Press, New York, 
1955. xii + 286 pp. Illus. $7.50. 


This book brings together the extensive 
data on ceramics and inorganic cements 
and the fundamental knowledge and tech- 
niques necessary for their study. Although 
the book is devoted chiefly to light mi- 
croscopy, electron microscopy is dis- 
cussed in several connections. 

The fundamentals of crystal optics are 
not treated at length. Indeed, these essen- 
tial principles are stated so tersely that 
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supplemental materials will be needed in 
order to give satisfactory instruction. in 
crystal optics to students in ceramic en- 
gineering. In contrast to this omission 
are the extensive applications that are dis- 
cussed and the many helpful hints that 
are given on how to proceed—for ex- 
ample, those contained in Chapter 4, 
“Preparation of materials for microscopic 
examination.” Here the authors describe 
a somewhat complicated gadget for se- 
lecting mineral grains under the micro- 
scope, but they do not mention the artist’s 
brush moistened with saliva that has been 
used to select microfossils for many years. 
Separate chapters consider raw materials, 
whitewares, refractories, glass, cements, 
porcelain enamels, structural clay prod- 
ucts, foundry sands, and slags. H. N. 
Baumann, Jr., contributed a chapter on 
abrasives. 

An amusing inconsistency is the spell- 
ing of the plural of alkali. On page 71 
it appears more than once as alkalies, 
whereas on page 88 and elsewhere, alkalis 
is used. The pronunciation of the latter 
spelling should rhyme with kiss, this, and 
appendicitis; it is objectionable. I was 
mildly surprised to learn that my former 
colleagues and I (p. 196) do not adhere 
to the osmotic theory for expansion of 
concrete during alkali-aggregate reaction. 
Comparisons of our calculated and meas- 
ured pressures were offered by us as evi- 
dence that osmosis is involved. The spell- 
ing of forsterite is in error on page 146, 
under Fig. 8.17, and pseudowollastonite 
is hyphenated in about half of its ap- 
pearances. Despite other trivial defects, 
the arrangement and presentation are 
excellent. 

Mineralogists and petrographers will 
find this book extremely useful in connec- 
tion with the examination of raw mate- 
rials and fired products. Persons engaged 
in research or development of ceramic 
materials will find it invaluable. 

Duncan McConne tt 
Ohio State University 
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York, 1955. 258 pp. $2.50. 

Nuclear Magnetic Resonance. E. R. 
Andrew. Cambridge Univ. Press, New 
York, 1955. 265 pp. $6.50. 
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The Role of Algae and Plankton in 
Medicine. Morton Schwimmer and David 
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Relativity: The Special Theory. J. L. 
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Editors of Scientific American. Simon and 
Schuster, New York (reprinted from 
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1956. 489 pp. $7.75. 
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Daniel C. Elkin and Michael E. DeBakey, 
Eds. Historical Unit, Army Medical Serv- 
ice, Washington, 1955 (Order from Supt. 
of Documents, GPO, Washington 25). 
465 pp. $4.25. 

The Sun and Its Influence. An intro- 
duction to the study of solar-terrestrial 
relations. M. A. Ellison. Macmillan, New 
York, 1956. 235 pp. $4.50. 

The Blood-Brain Barrier with Special 
Regard to the Use of Radioactive Isotopes. 
Louis Bakay. Thomas, Springfield, IIl., 
1956. 154 pp. $5.50. 

The Dynamics of Living Protoplasm. L. 
V. Heilbrunn. Academic Press, New York, 
1956. 327 pp. $6.50. 

Principles of Organic Chemistry. An 
introductory text in organic chemistry. 
James English, Jr., and Harold G. Cassidy. 
McGraw-Hill, New York, ed. 2, 1956. 469 
pp. $6.50. 

Distillation in Practice. A collection of 
papers originally presented in Philadel- 
phia, Pa., in May, 1954, under the aus- 
pices of the Philadelphia-Wilmington Sec- 
tion of the American Institute of Chemical 
Engineers and the Department of Chemi- 
cal Engineering, University of Pennsyl- 
vania. Charles H. Nielsen, Ed. Reinhold, 
New York; Chapman & Hall, London, 
1956. 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


National Society of Professional Engi- 
neers, Annual Report, 1954-1955. A re- 
port to the membership. The Society, 
Washington, 1955. 24 pp. 

Bulletin Climatologique Annuel du 
Congo Belge et du Ruanda-Urundi Année 
1954. Bureau Climatologique, Communi- 
cation No. 10. Institut National pour 
lPEtude Agronomique du Congo Belge, 
Bruxelles, 1955. 161 pp. F. 120. 

Abatement of Highway Noise and 
Fumes. Highway Research Bd. Bull. 110. 
National Acad. of Sciences—National Re- 
search Council, Washington, 1955. 47 pp. 
$0.90. 

Rubber Rolls. Rodney Hunt Machine 
Co., Orange, Mass., 1955. 59 pp. $2. 

Some Conditions Affecting Quality, 
Consistency, and Predictability of Per- 
formance in Solving Complex Problems. 
Research Rept. AF PTRC-TN-55-27. Proj- 
ect No. 7703, Task Nos. 77071 and 
77973. Robert M. W. Travers, Joseph E. 
Marron, and Andrew J. Post. 86 pp. Some 
Correlates of Instructor Job Satisfaction. 
Research Rept. AFPTRC-TN-55-28. Proj- 
ect No. 7731, Task No. 77427. John T. 
Lanzetta and Dorothy M. Knoell. 49 pp. 
Air Force Personnel & Training Research 
Center, Lackland Air Force Base, San 
Antonio, Tex., 1955. 

Spectrochemical Abstracts, 1946-1951. 
vol. IV. Ernest H. S. van Someren and F. 
Lachman. Hilger & Watts, London, 1955. 
179 pp. $5.75. 

Life History and Cytology of the Fora- 
miniferan Allogromia Laticollaris. Publ. 
in Zoology, vol. 61, No. 4. Zach M. Ar- 
nold. 86 pp. $1.25. Planned Migration, 
the Social Determinants of the Dutch- 
Canadian Movement. Publ. in Sociology 
and Social Institutions, vol. 2. William 
Petersen. 273 pp. $3.50. Univ. of Cali- 
fornia Press, Berkeley, 1955. 

A Study of African Chironomidae. pt. 
1. Bull. of the British Museum (Natural 
History) Entomology, vol. 4, No. 1. Paul 
Freeman. 68 pp. 15s. The Heterophyl- 
lous Selaginellae of Continental North 
America. Bull., Botany, vol. 1, No. 8. A. 
H. G. Alston. 55 p. 16s. Mosses of Domi- 
nica, British West Indies and Mosses of 
the Ecuadorian Andes Collected by P. R. 
Bell. Bull., Botany, vol. 2, No. 2. Edwin 
B. Bartram. 30 pp. 6s. British Museum 
(Natural History), London, 1955. 

New York University, College of En- 
gineering, Research Division Annual Re- 
port, 1955. New York Univ., New York, 
1955. 36 pp. 

Education Directory. pt. 4, Education 
Associations, 1954-55. 56 pp. $0.25. Cleri- 
cal and Custodial Staff in Public Second- 
ary Day Schools. Circular No. 445. Ells- 
worth Tompkins and Mabel C. Rice. 83 
pp. $0.55. U.S. Office of Education, 
Washington 25, 1955 (Order from Su- 
perintendent of Documents, GPO, Wash- 
ington 25). 

Control of Insect Vectors in Interna- 
tional Air Traffic. A survey of existing 
legislation. World Health Organization, 
Geneva, 1955. 59 pp. $0.70. 
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Scientific Meetings 


Mutation 


The Brookhaven Symposium on Muta- 
tion, held at the Brookhaven National 
Laboratory in June 1955, attracted 335 
participants apart from laboratory staff 
and included scientists from 17 countries 
in addition to the United States. A high 
level of interest, manifested by lively dis- 
cussion following each of the 16 papers 
presented, was sustained over the 3-day 
period of the symposium. Such interest 
is a tribute to the continuing fertility of 
an area of genetics that has been vigor- 
ously exploited at least since 1927, when 
H,. J. Muller reported the successful in- 
duction of mutations by x-irradiation. 
Fittingly, Muller delivered a major ad- 
dress to the symposium, conveying at 
once a sense of the significance of the 
mutation field in biology, of the refine- 
ment of technique that has gone into its 
study, and of the multiplicity of results 
that have been obtained. A few generali- 
ties emerging from the symposium seem 
noteworthy here. 

S. Benzer presented evidence that cer- 
tain of the recombination units in bac- 
teriophage may be no larger than ap- 
proximately a dozen nucleotide pairs. 
Whether the “recombination” that de- 
lineates these units in phage is the same 
process that has permitted the establish- 
ment of the classical chromosome maps 
is not clear. In any event, the observa- 
tions are highly suggestive in relation to 
3enzer’s finding that mutations may in- 
volve various “lengths” of the linearly 
arranged genetic material of phage and 
open the way to refined analysis of the 
functional and spatial organization of 
this genetic material. 

The contribution of M. and Z. Deme- 
rec based on studies of transduction in 
Salmonella appears to have the same 
general implications as Benzer’s work. 
In addition it gives examples of linearly 


arranged genetic units whose spatial ° 


sequence corresponds to functional se- 
quences, functions being defined by var- 
ious steps in a chain of biochemical re- 
actions controlled by these units. That 
mutation frequencies themselves may be 
utilized in the precise definition and 
analysis of genetic material was reem- 
phasized by N. H. Giles, who has fo- 
cussed attention on forward and back 
mutation at particular loci, including 
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apparent pseudoallelic clusters, in Neuro- 
spora. Work reported by W. L. Russell 
indicates that even such a relatively diffi- 
cult genetic object as the mouse may be 
subjected to meaningful scrutiny in much 
the same way. 

The studies mentioned in the preced- 
ing paragraphs relate fundamentally to 
the organization of genetic material in 
cells and have to do with the conceptual 
basis of genetics. From the time of Men- 
del, genetics has been one of the par- 
ticulate sciences, and the characteristic 
methods of genetics have been the meth- 
ods of a particulate science. The par- 
ticles dealt with by the geneticist, at least 
on the main track of his science to the 
present, are genes linearly arranged in 
chromosomal material. Although present 
information, as represented in several of 
the symposium papers, in no way denies 
a particulate or discontinuous nature of 
hereditary materials, genetic particles as 
delineated variously by mutation, by 
chemical function, or by recombination 
are no longer readily seen as being uni- 
tary. If mutation studies were of interest 
for no other reason, they would at least 
be of enormous importance in elucida- 
ting the basic 
plasm. 


structure of the germ 


An important fraction of the papers 
at the symposium dealt with various con- 
ditions that affect mutation frequency. 
The number and variety of conditions 
known to be effective in this way is im- 
pressively large already, and the possi- 
bilities have only begun to be sampled. 
Indicating the scope of present knowl- 
edge were reports on the oxygen effect 
on mutation, on the antimutagenic ac- 
tion of certain pyrimidine and purine 
ribosides, and on the correlation of dif- 
ferences in mutation frequency with dif- 
ferences in sex. In addition, W. S. Stone 
summarized the now well-known obser- 
vations that ultraviolet light induces mu- 
tations in bacteria, not only when it is 
directed against cells themselves, but also 
when it is directed against media into 
which cells are later inoculated. Even 
though these observations seem best in- 
terpreted on the basis that the effect of 
ultraviolet light on medium is to pro- 
duce chemical mutagens, which act upon 
the bacteria, these observations also re- 
inforce the growing concept that the 
physiological state of the organism is 


highly important for the mutation proc- 
ess. It is possible that simple models for 
the direct action of mutagens on genetic 
material are inadequate and that the re- 
pair processes involving disrupted genetic 
material have a biological significance 
that has scarcely been realized. In an age 
when human populations have been ex- 
posed to increasing dosages of mutagens, 
and when both the dosages and the num- 
bers of individuals involved may become 
still larger, the mechanism of induction 
of mutation and the factors that affect it 
become matters of vital importance. 

It is worthy of brief comment that 
slightly more than half the papers given 
at the symposium were based on work 
falling within the broad area of microbial 
genetics. Doubtless a primary reason for 
this emphasis is that many kinds of mu- 
tations, even when elicited as effectively 
as possible by an inducing agent, are rare 
events. Techniques developed with micro- 
organisms have enabled the screening of 
huge populations for the appearance of 
mutations. No less attractive, experimen- 
tally, are the readier avenues to chemical 
description of mutational processes, espe- 
cially in the viruses. Nevertheless, the 
more classical organisms of genetics, 
notably Drosophila and maize, will con- 
tinue to provide much fundamental in- 
formation about mutation and the nature 
of genes. The precise identification and 
control of genetic units, largely refer- 
able to some decades of careful chromo- 
some mapping in Drosophila and maize, 
and to the detailed cytological study of 
these favorable objects, permit an ele- 
gance of technique of certain kinds that 
is still far from possible in the best 
known of microorganisms. Many exam- 
ples emerged in Miuller’s analysis of 
the relationship between chromosome 
changes and gene mutations. The ad- 
vantages of closely cataloged germ plasm 
were particularly apparent in B. Mc- 
Clintock’s demonstration of activator, 
dissociator, and modulator systems in 
maize, a demonstration that appears to 
discriminate between mutability and the 
perhaps equally important phenomenon 
of intranuclear control of gene action by 
mechanisms other than mutation 

No critical evaluation of the various 
papers, or even brief summaries or men- 
tion of all of them, is possible here. The 
symposium papers themselves and tran- 
scriptions of their formal discussion are 
being published by Brookhaven National 
Laboratory as Brookhaven Symposia in 
Biology, volume 8. The volume will con- 
tain about 250 pages and will be obtain- 
able at a cost of $1.25 from the Office of 
Technical Services, Department of Com- 
merce, Washington, D.C., after 1 Feb. 
1956. 

Aprian M. Srp 
Department of Plant Breeding, 
Cornell University 
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Meeting Notes 


® The 15th annual Frontiers in Chemis- 
try lectures, an activity of the depart- 
ment of chemistry of Western Reserve 
University, will present ten leading sci- 
entists on consecutive Fridays from 17 
Feb. through 20 Apr. There are two 
major topics, “Application of instru- 
ments to analysis and molecular struc- 
ture” and “Chemistry of organometallic 
and chelate compounds.” 

For each topic there are five lecturers. 
They are P. Debye of Cornell Univer- 
sity, Robert W. Parry of the University 
of Michigan, P. W. Selwood of North- 
western University, A. H. Corwin of 
Johns Hopkins University, H. S. Gutow- 
sky of the University of Illinois, A. E. 
Martell of Clark University, Paul Dela- 
hay of Louisiana State University, Avery 
A. Morton of Massachusetts Institute of 
Technology, Walter Gordy of Duke Uni- 
versity, and John C. Bailar, Jr., of the 
University of Illinois. 


® The American Association of Spectrog- 
raphers is planning its seventh annual 
conference in Chicago, IIl., 4 May, on 
the subject “New developments and 
techniques in spectroscopy.” Contributed 
papers in the fields of emission, x-ray 
fluorescence, or absorption spectroscopy 
are invited. Abstracts must be submitted 
by 16 Mar. Address all inquiries to John 
P. Merutka, H. M. Harper Company, 
8200 Lehigh Ave., Morton Grove, IIl. 


® The 16th annual general meeting of the 
Indian Society of Genetics and Plant 
Breeding was held at New Delhi on 12 
Dec. 1955 under the presidency of T. R. 
Mehta, joint director of research, Ma- 
dhya Bharat College of Agriculture and 
Research Institute, Gwalior. Mehta de- 
livered an address entitled “The geno- 
type in agriculture.” The society decided 
to organize a symposium during 1956 
on “The role of genetics in the improve- 
ment of tropical crop plants”; a sub- 
committee under the chairmanship of B. 
P. Pal was appointed for this purpose. 


@The following visitors from abroad 
were among those who participated in 
the International Conference on Fatigue 
in Aircraft Structures, which was held at 
Columbia University 30 Jan—1 Feb. 

England: P. J. E. Forsyth and R. J. 
Atkinson of the Royal Aircraft Establish- 
ment, Farnborough; N. Thompson of the 
H. H. Wills Physical Laboratory, Bristol; 
R. F. Hanstock of High Duty Alloys, 
Ltd., Slough; H. Giddings of the Bristol 
Aeroplane Co., Ltd., Bristol. 

Scotland: C. E. Phillips of the Me- 
chanical Engineering Research Labora- 
tory, East Kilbrid. 

Australia: W. A. Wood of the metal 
research department, University of Mel- 
bourne. 
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Germany: M. Hempel of the Max 
Planck Institute for Steel Research, Dus- 
seldorf; E. Gassner, Laboratory for Per- 
formance Testing, Darmstadt. 

Sweden: W. Weibull of Stockholm; 
Bo Lundberg of the Aeronautical Re- 
search Institute of Sweden, Stockholm; 
F. Turner of SAAB Aircraft Co., Lin- 
koping. 

The conference was jointly sponsored 
by Columbia University’s Department 
of Civil Engineering and Engineering 
Mechanics, its Institute of Flight Struc- 
tures, and the Office of Scientific Re- 
search and Development of the U.S. Air 
Force. Alfred M. Freudenthal, professor 
of civil engineering at Columbia, was 
chairman of the organizing committee 
for the meeting. 


"The American Association of Physical 
Anthropologists will celebrate its 25th 
anniversary when it meets at the Univer- 
sity of Chicago 6-8 Apr. In addition to 
the anniversary celebration, which will 
be held during the annual dinner, spe- 
cial features include a symposium on 
“Early man in Africa,” organized by 
Sherwood L. Washburn, and a panel dis- 
cussion on problems in human identifica- 
tion that will be led by Russell Newman. 


®A European Symposium on Vitamin 
B,, and Intrinsic Factor will take place 
under the sponsorship of Prof. J. Kuh- 
nau, Physiologisch Chemisches Institut 
der Universitat Hamburg (Germany), 
23-26 May. For further information, 
address the secretary of the symposium, 


Dr. H. C. Heinrich. 


"The Primer Congreso Panamericano 
de Gerontologia will be held in Mexico, 
D.F., under the presidency of Manuel 
Payno, 7-15 Sept. Payno is the president 
of the Academia Mexicana de Geronto- 
logia and the Sociedad Mexicana de 
Geriatria. His address is Ave. Cuauhte- 
moc No. 10-3, Mexico 7, D.F. J. H. 
Sheldon, president of the International 
Association of Gerontology, has agreed 
to serve as an honorary president. 

Those desiring to present papers 
should send abstracts of not more than 
200 words to E. V. Cowdry, Washington 
University School of Medicine, St. Louis 
10, Mo., before 1 Apr. Please mention 
whether or not lantern slides are to be 
shown. 


Society Elections 


®™ Indian Society of Genetics and Plant 
Breeding: pres., V. M. Chavan, Poona; 
sec., M. S. Swaminathan, New Delhi; 
treas., N. L. Dhawan, Division of Botany, 
Indian Agricultural Research Institute, 
New Delhi. The vice presidents are P. 
N. Bhaduri, New Delhi, and G. S. Murty, 
New Delhi. 





® International Institute of Embryology: 
pres., M. W. Woerdeman; sec.-treas., 
Chr. P, Raven. The vice presidents are 
E. Fauré-Fremiet, F. E, Lehmann, and 
Paul Weiss. 


™American Eugenics Society: pres., 
Harry L. Shapiro; v. pres. Alan F. 
Guttmacher; sec., Frederick Osborn, 
AES, 230 Park Ave., New York 17; 
treas., Chauncey Belknap. 


® National Association of Biology Teach- 
ers: pres., John P. Harrold, 110 E. Hines 
St., Midland, Mich.; pres.-elect, John 
Breukelman, State Teachers College, 
Emporia, Kan.; past pres., Brother 
Charles, St. Mary’s College, Winona, 
Minn.; sec.-treas., Paul V. Webster, 
Bryan City Schools, Bryan, Ohio. The 
vice presidents are Irene Hollenbeck, 
Howard E. Weaver, and Robert L. 
Smith. 


®European Organization for Nuclear 
Research (CERN): pres. Sir Ben 
Lockspeiser (United Kingdom) ; v. presi- 
dents, M. Jacques de Bourbon-Busset 
(France) and Prof. Ivar Waller 
(Sweden); chairman of the Finance 
Committee, M. Jean Willems (Bel- 
gium); additional members of the Com- 
mittee of Council, Dr. Antonio Pennetta 
(Italy) and Prof. Paul Scherrer (Swit- 
zerland). 


"Western Society of Naturalists: pres., 
Albert Tyler, California Institute of 
Technology; v. pres., William M. Hiesey, 
Carnegie Institution of Washington, Di- 
vision of Plant Pathology, Stanford, 
Calif.; sec., Demorest Davenport, Santa 
Barbara College, University of Cali- 
fornia; treas., Marion Ownbey Washing- 
ton State College. 


® American Society for the Study of Ar- 
teriosclerosis: pres., Arthur C. Corcoran, 
Cleveland Clinic, Cleveland, Ohio; past 
pres., L. N. Katz; v. pres., Charles F. 
Wilkinson, Jr., New York; sec.-treas., O. 
J. Pollak, P.O. Box 228, Dover, Del. 


Forthcoming Events 


March 


8. Assoc. of Vitamin Chemists, Chicago, 
Ill. (M. Freed, Dawes Products, 4800 S. 
Richmond, Chicago 32, IIl.) 

9-10. Midwest Conf. on Theoretical 
Physics, Iowa City, Iowa. (J. M. Jauch, 
Dept. of Physics, State Univ. of Iowa, 
Iowa City.) 

12-16. National Assoc. of Corrosion 
Engineers, 12th annual, New York, N. Y. 
(Secretary, NACE, Southern Standard 
Bldg., Houston 2, Tex.) 

14-17. National Science Teachers As- 
soc., Washington, D.C. (R. H. Carleton, 
NSTA, 1201 16 St., NW, Washington 6.) 

15-16. Food Physics Symposium, Ist 
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international, San Antonio, Tex. (C. W. 
Smith, Southwest Research Inst., San 
Antonio. ) 

15-17. American Orthopsychiatric As- 
soc., 33rd annual, New York, N.Y. (M. 
F. Langer, AOA, 1790 Broadway, New 
York 19.) 

15-17. American Physical Soc., Pitts- 
burgh, Pa. (K. K. Darrow, APS, Colum- 
bia Univ., New York 27.) 

15-17. Kappa Delta Pi, annual, Still- 
water, Okla. (E. I. F. Williams, 238 E. 
Perry St., Tiffin, Ohio.) 

16-18. International Assoc. for Dental 
Research, St. Louis, Mo. (D. Y. Burrill, 
129 E. Broadway, Louisville 2, Ky.) 

17-18. National Soc. of Professional 
Engineers, annual spring, Washington, 
D.C. (K. E. Trombley, NSPE, 1121 15 
St., NW, Washington 5.) 

18-24. American Soc. of Photogram- 
metry, annual, joint meeting with Ameri- 
can Cong. on Surveying and Mapping, 
Washington, D.C. (ACSM-ASP, Box 470, 
Washington 4.) 

19-21. Div. of Fluid Dynamics, Ameri- 
can Physical Soc., Pasadena, Calif. (F. N 
Frenkiel, Applied Physics Lab., Johns 
Hopkins Univ., Silver Spring, Md.) 

19-22. American Acad. of General 
Practice Scientific Assembly, 8th annual, 
Washington, D.C. (AAGP, Broadway at 
34th, Kansas City 11, Mo.) 

19-22. Inst. of Radio Engineers Na- 
tional Convention, New York. (E. K. 
Gammett, IRE, 1 E. 79 St., New York 21.) 


19-23. American Soc. of Tool Engi- 
neers, Chicago, Ill. (H. C. Miller, Armour 
Research Foundation, 35 W. 33 St., Chi- 
cago 16.) 

21-22. National Health Forum, New 
York, N.Y. (T. G. Klumpp, National 
Health Council, 1790 Broadway, New 
York 19.) 

21-23. American Power Conf., 18th an- 
nual, Chicago, Ill. (R. A. Budenholzer, 
Illinois Institute of Technology, Chicago 
16.) 

21-24. American Astronomical Soc. Co- 
lumbus, Ohio. (J. A. Hynek, McMillin Ob- 
servatory, Ohio State Univ., Columbus.) 

22-24. Michigan Acad. of Science, Arts 
and Letters, annual, Ann Arbor. (G. M. 
McEwen, 5 East Hall, Univ. of Michigan, 
Ann Arbor.) 

23-24. Eastern Psychological Assoc., 
Atlantic City, N.J. (G. G. Lane, Univ. of 
Delaware, Newark.) 

23-24. North Carolina Acad. of Science, 
annual, Chapel Hill. (J. A. Yarbrough, 
Meredith College, Raleigh.) 

24-25. American Psychosomatic Soc., 
13th annual, Boston, Mass. (T. Lidz, APS, 
551 Madison Ave., New York 22.) 

24-31. Perspectives in Marine Biology, 
La Jolla, Calif. (A. A. Buzzati-Traverso, 
Scripps Institution of Oceanography, La 
Jolla.) 

25-28. American Assoc. of Dental 
Schools, annual, St. Louis, Mo. (M. W. 
McCrea, 42 S. Greene St., Baltimore 1, 
Md.) 


25-29. American College Personnel As- 
soc., Washington, D.C. (Miss C. M. 
Northrup, Univ. of Denver, Denver, 
Colo.) 

28-3. Colloquium on Frontiers in Phys- 
ical Optics, Boston, Mass. (S. S. Ballard, 
Visibility Laboratory, Scripps Institution 
of Oceanography, San Diego 52, Calif.) 

29-31. Pennsy' Acad. of "Science, 
Indiana. (K. Dearolf, Public Museum and 
Art Gallery, Reading, Pa.) 

29-31. Southern Soc. for Philosophy and 
Psychology, Asheville, N.C. (J. E. Moore, 
Georgia Inst. of Technology, Atlanta.) 

29-31. Symposium on Fundamental 
Cancer Research, 10th annual, Houston, 
Tex. (G. Taylor, Univ. of Texas Post- 
graduate School of Medicine, Houston 
25.) 

30-31. Alabama Acad. of Science, an- 
nual, Montevallo. (H. A. McCullough, 
Howard College, Birmingham, Ala.) 


April 


2-5. Assoc. of American Geographers, 
annual, Montreal, Canada. (B. W. Adkin- 
son, Library of Congress, Washington 25.) 

2-7. Symposium on Crystallography, 
Madrid, Spain. (M. Abbad, Serrano 118, 
Madrid. ) 

3. Microcirculatory Conf., 3rd, Méil- 
waukee, Wis. (G. P. Fulton, Dept. of 
Biology, Boston Univ., 675 Common- 
wealth Ave., Boston 15, Mass.) 


(See issue of 20 January for comprehensive list) 
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PHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment ; 
6th & Byrd Streets - Richmond, Va. , City «0... 






PHIPPS & BIRD 


375 mm. in length. . . 


PIPETTE DRYER 


In the laboratory, this large capacity Pipette Dryer is particularly 
recommended for the thorough drying of pipettes of any size up to 
. Cylinder is mounted on vented base with spe- 
cially designed heater in lower end of cylinder. This instrument is 
designed to take the standard rack of a 6” pipette washer. Rack is 
taken out of washer, drained for about a minute, then placed right 
into the Dryer. This method of drying means less handling by the 
technician, thus greatly reducing the hazard of breakage. Complete 
with cord and plug, but without rack. 115 volts, AC or DC 


Without obligation, und us complete in- 
formation on your Pipette Dryer. 


Company ... 
Address .... 
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PERSONNEL PLACEMENT 

















CLASSIFIED: 18¢ per word, minimum 
charge $3.60. Use of Box Number 
counts as 10 additional words. 


COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 


DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis—provided that satis- 
factory credit is established. 


$22.00 per inch 
21.00 per inch 


Single insertion 
13 times in 1 year 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 














IIMMiill POSITIONS WANTED jill 





Bacteriologist, Ph.D. Presently teaching; wants 
position in West or Southwest. Box 26, SCI- 
ence. x 
Bacteriologist, Ph.D.; 3 years’ teaching and 3 
years’ research experience; bacteriology, mycol- 
ogy, genetics, Desires teaching or research posi- 
tion, East or Midwest. Box 31, SCIENCE, X 


Certified Clinical Chemist; Ph.D.; 8 years as 
head, university department of chemistry, 5 
years as chief, chemistry department, 600-bed 
hospital, Medical Bureau (Burneice Larson, Di- 
rector), Palmolive Building, Chicago. x 
Neurophysiologist, Ph.D. Electrophysiology, 
stereotaxic, and so forth. Publications. Three 


years’ teaching. Assistant Professor, oo in, 


general, neurophysiology, A.B., M.A., Anatomy. 
Desires teaching an adequate ot, for re- 
search. Box 20, SCIENCE. 2/10 


Physiologist—Ecologist, Ph.D. Six years’ teach- 
ing and research in physiology and ecology. In- 
terested in teaching, research in ers zoolo 

physiology departments. Box 25, SC SE 





Physiologist—Endocrinologist, Ph.D.; 5 years’ 
teaching; publications, Desires teaching and/or 
research position, Fall 1956. Box 24, IENCE 
Teaching—Ph.D. desires new location. Eight 
years college experience. Preference: west or 
midwest, organic chemistry or biochemistry. Box 
17, SCIENCE 2/10 





Will] POSITIONS OPEN | 


Assistantships. Research and teaching appoint- 
ments in Bacteriology. Specialized research in 
virology, general, pathogenic, soil, food and 
dairy bacteriology. Write to the Department of 
Bacteriology, Oregon State College, Corvallis, 
Oregon, for information. 2/17, 24 





Assistant to Director of Medical Book Depart- 
ment of large New York publisher. Help to de- 
rane and promote medical books. Some travel. 
Salary open. Box 28, SCIENCE, x 


Biochemist, Ph.D., with clinical chemistry ex- 
perience (including flame photometry and elec- 
trophoresis) to serve as chief of chemistry in an 
active 200-bed hospital with possibilities for in- 
vestigative work and collaboration with univer- 
sity laboratories, Ohio. Box 29, SCIENCE. X 
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Lilill| POSITIONS OPEN iil 





Miil| POSITIONS OPEN jill 





(a) Bacterial Physiologist and, also, Immunolo- 
gist; competent teachers interested in research, 
medical or Ph.D. degrees; faculty appointments, 
medical school with extensive expansion pro- 
gram. (b) Assistant Director, Clinical Testing 
Division; one of country’s oldest pharmaceutical 
companies; young physician preferred; $15,000. 
(c) Biochemist, Biologist or Bacteriologist with 
considerable chemistry experience; preferably 
man, 35-45, with industrial experience; duties 
consist of directing research group of eight per- 
sons; Chicago. (d) Chemist, Ph.D., to direct 
chemistry section, research department, 7 
ant industrial company; Pennsylvi ania. (e) Medi- 
cal editor; M.D. or Ph.D. outstanding oppor- 
tunity, important organization, leading in its 
field. S2-2 Medical Bureau (Burneice Larson, 
Director), Palmolive Building, Chicago. xX 


Biochemist, M.S. or B.S., preferably with ex- 
perience to assist in research. Permanent posi- 
tion, starting salary to $5400 with yearly in- 
creases. Send complete résumé and photograph 
to Dr. David S. Kinnory, Dept. of Biochemistry, 
Loyola University, 706 South W olcott, Chicago 
12, Illinois. 2/10 


Biochemist for laboratory that is doing research 
in hypersensitivity phenomena. Immunology not 





essential. Midwestern Medical School. Box 32, 
SCIENCE. 2/17 
Chemist, research assistant, Atomic Energy 
Project, young man or woman. Box 27, SCI- 
ENCE. x 


MATHEMATICIANS ON CAPE COD 


This private scientific research laboratory has an 
immediate opening for a computer in the meteor- 
ological section. Requirements: a bachelor’s de- 
gree in mathematics desirable but not essential. 
Would accept person who has good academic 
record in differential equations. In replying, 
please write giving complete statement regarding 
education, training, and experience. If called for 
interview, we will pay travel expenses. Woods 
Hole Oceanographic Institution, Woods Hole, 
Massachusetts. 1/27; 2/3, 10 


MT 


THE MELVILLE TRUST 
FELLOWSHIP IN CANCER RESEARCH 


The Trustees of the above scheme invite ap- 
plications for Fellowships in Cancer Research 
commencing in October 1956. The initial stipend 
will be according to experience, but it will be 
not less than £800 per annum; and funds are 
available for the provision of equipment and for 
technical assistance. A fellowship is usually 
awarded for a period of 2 years, but thereafter 
may be renewed, at the discretion of the Trus- 
tees 





| GRANTS 


Hi 





The research is usually to be carried out in 
one of the recognized clinical or scientific depart- 
ments in Edinburgh, and, if possible, applicants 
should have made prior contact with the head 
of the appropriate department, If this is not pos- 
sible, the Trustees will endeavor to make suitable 
arrangements. 


The research may deal with any aspect of 
maliguant disease, and candidates need not 


necessarily hold a medical qualification. 

Applications, together with the names of three 
referees, should be submitted by 30 April 1956 
to the Honorary Secretary, Scientific Advisory 
Committee, The Melville Trust, 26 Moray Place, 
Edinburgh, 3, from whom further particulars 

may be obtained. The application should be ac- 
companied by an outline of the proposed re- 
search and by an account of any previous scien- 
tific or research experience. 

The expenses incurred in traveling to the 
United Kingdom by any Research Fellow ap- 
pointed from overseas will be defrayed by the 
Trust, which will also reimburse all candidates 
who are required to attend for interview. 2 











MEDICAL EDITOR ASSISTANT 
Male or female with bachelor’s degree 
with science major, preferably premedical 
training, for position in Advertising De- 
partment as Assistant to Medical Editor. 
Experience in medical and scientific writ- 
ing and editing necessary. 


LITERATURE SEARCHER 
AND ABSTRACTOR 
Male or female with B.A., B.S., M.A. or 
M.S. degree in biological "science, Major 
assignment would be screening and ab- 
stracting scientific articles, rewriting of 
abstracts, and related medical writing. 


Above positions immediately available 
with expanding drug company located in 
central New York State. Send résumés to 
Personnel Director, Eaton Laboratories 
Division, Norwich Pharmacal Company, 
Norwich, N.Y 











PHYSICIANS WANTED 
Associate or assistant pathologist to Dr. David 
R. Meranze, Board certified or eligible. Major, 
general hospital, medical school affiliated; active 
teaching and research institution, Highly quali- 
fied staff. Albert Einstein Medical Center, South- 
ern Division, Philadelphia 47, Pa. 2/3, 10, 17 





COMMONWEALTH OF AUSTRALIA 
SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


1) Leader, Muscle Biochemistry Unit (Sen- 
ior Principal or Principal Research Officer). 
A new research unit with a new biochemi- 
cal laboratory will be established in muscle 
biochemistry, linked with the existing meat 
research laboratory in Brisbane, Queens- 
land, to supply fundamental information 
on the physiological basis of meat quality 
and of changes occurring during preserva- 
tion treatments. The leader of the Unit 
must have had extensive research experi- 
ence in the biochemistry or biophysics of 
muscle or other animal tissues and should 
give clear evidence of ability to lead and 
direct the work of a small research group. 


2) Officer-in-charge, Irrigation Research 
Station, Griffith, N.S.W. (Senior Princi- 
pal or Principal Research Officer). 

It is hoped to appoint a scientist with con- 
siderable research experience in one or 
more fields of the Station’s activities which 
deal with soils, hydrology, plant physiology, 
plant nutrition on many crops under irriga- 
tion. Preference will be given to those cur- 
rently engaged in research and with experi- 
ence in the leading of a research team. 


The salary range of a Senior Principal Re- 


search Officer is from A £2678 to A £3000, 
and a Principal Research Officer from 
A£2228 to A£2588 per annum. The 


Senior salary is approximately that paid to 
the head of a University department in 
an Australian university. Appointment will 
be considered on a fixed time basis or per- 
manently. 


3) Research Liaison Officer, 
Research Liaison Section, Melbourne. 
Duties include presentation of results of 
research through publication designed for 
use by Extension workers. Qualifications, 
degrees in a science, and capacity 
to write. Salary within the range of Senior 
Research Officer, A £ 1814-2078 per annum 
for male appointee. 


Agricultural 


Fares to Australia (including those of wife 
and family) will be paid. Applications giv- 
ing full personal details, academic qualifica- 
tions, and research experience should be 
sent not later than 29 February 1956 to 

E. Cummins, Scientific Attaché, Aus- 
tralian Embassy, 1907 K Street, N.W., 
Washington 6, D.C., from whom further 
particulars can be obtained. 
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and domestic. Entire 
SCIENTIFIC libraries and smaller Tissue Culture 
and BooKks) Collections wanted. 


WALTER Jj. JOHNSON, INC. 
125 E. 23rd St., New York 10, N. Y. 








RESEARCH BIOCHEMICALS NORMAL HUMAN SERUM 

















== OVER 1500 == 
= pane. 4 oe NUTRITIONAL (dried) 
BIOCHEMICALS Corp. 
. Cleveland 28, Ohio ; i 
Vensaiesii ties ct 25 cc., 100 cc., 250 cc. sizes 
* fic i r rite for your copy— 
scientific journals free catalogue Dept. #102 
are nee << by — a and yore . 
periodical files oon aun elie oat a ps HYLAND LABORATORIES 
fet prices. Write Dept. A3S, J. S. CANNER, Inc. 
Boston 19, Massachusetts 4501 Colorado Bivd., Los Angeles 39 
ss Kies POLARIMETER TUBES & 252 Hawthorne Ave., Yonkers, N. Y. 
PROFESSIONAL SERVICES ACCESSORIES > 





for GENERAL, SEMI-MICRO V 
& MICRO POLARIMETRY HIGH 
TEMPERATURE, CONTINUOUS 
FLOW & INVERSION TESTS 
Write for List PT-14 








WISCONSIN 0. C. RUDOLPH & SONS “From the hand of 
pal LABORATORY SERVICES Manufacturers of Optical Research @ albino rats” ‘the veterinarian 
FOUNDATION, Project research and consultation ontrol Instruments to research 





in Bio-chemistry, Chemistry, P.O. BOX 446 CALDWELL, N. J. ita ~~ we 
Bacteriology and Entomology 





* Descendants of the 
Amino acid assays and biological Sprague- Dawley and 
protein evaluations ® Vitamin and istar Strains 
antibiotic assays ® Chick feeding e 


tests © Pharmacology including HENRY L. FOSTER, D.V.M. 
warm-blooded toxicity studies ® Phenol! President and Director 
coefficient determinations THE CHARLES RIVER BREEDING LABS. 


Write for price schedule Dept. B, Wilmington, Mass. 
WISCONSIN ALUMNI RESEARCH FOUNDATION Healthy — AKC Registered 
P. ©. BOX 2217.v. MADISON 1, WIS. Immunized 
$25 to $50 each; F.0.B. Ithaca 
ITHACA DOG FARM—RR 1—Ithaca, N.Y. 























" YOU can TELL and SELL 
more than 33,500 scientists 
here ... at a very low cost. 


Your sales message in an ad this size costs only 








BOOK MANUSCRIPTS INVITED | , pypOPHYSECTOMIZED RATS 


Write for Free Booklet SC telling how we can publish 


your book. All subjects considered. New authors welcome. ~~ to all points via Air Express $55.00 at the one-time rate—less for multiple in- 

VANTAGE PRESS, Inc. + 120 W. 31 St., N. Y. 1 further information write sertions. And the results!—well, here’s what one of 

In Calif.: 6253 Hollywood Blod., Hollywood 28 HORMONE ASSAY LABORATORIES, Inc. the many satisfied advertisers in SCIENCE has to 
8159 South Spaulding Ave., Chicago 39, im. say... 


“SCIENCE is consistently oer most profitable 
mediam. Business secured solely thre SCIENCE 
ads has been the bacthone of our success In this 
field.” 
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LABORATORIES, INC. ot reaits = SCENE” 








founded 1922 An important biochemical in cancer Prove to yourself the effectiveness of SCIENCE in 
RESEARCH virus research. increasing yh i and ay 
“Copy”’ —or ‘or further information 
oo AB, eng 1500 MANN ASSAYED BIOCHEMICALS Ind Rate Card No. 29. 
for the Food, Drug and Allied industries Price List No. 122B on request. 
48-14 33rd STREET, LONG ISLAND CITY 4, WN. ¥. 1515 Mass. Ave., N.W., 
samy "uache Veanabeatiane? cameuemanaan MANN RESEARCH LABORATORIES SCIENCE “Washington 5, D.C. 
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PHOTOVOLT Line-Operated 
Multiplier FLUORESCENCE METER 





© High-sensitivity for measurement of low concentrations 
(full-scale setting for 0.001 microgram quinine sulphate) 
® Micro-fluorimetry with liquid volumes as low as 1 mil 
@ Low blank readings, strict linearity of instrument response 
@ Universally applicable due to great variety of available fil- 
ters, sample holders, adapters and other accessories 
@ Interference filters for high specificity of results and for 
determining spectral distribution of the fluorescent light 
e High-sensitivity nephelometry for low degrees of turbidities 
© Fluorescence evaluation of powders, pastes, slurries, and 
solids, also for spot-tests on filter paper without elution 


Write for Bulletin #392 to 


PHOTOVOLT CORP. 


95 Madison Ave. 


Mod. 540 


New York 16, N. Y. 





BATH SHAKER 


@ Variable speed 
range 85 to 
285 osc. per min. 


@ Temperature range 
Room temperature | 
to 60°C. + .5° 

@ Available for 
shaking various } 
size flasks. 


A shaking apparatus | ' ‘ 
that is extremely | 


useful for cultivat- 
ing microorganisms 
under conditions of 
aeration and with 
more precise temper- 


ne 


ROTARY WATER 









ature control than is 


obtaining bacterial growth curves. 


Detailed information available upon request 






LABORATORY APPARATUS 
?. ©. BOX 606 * WNEW BRUNSWICK, W. J. 






PRECISION 
wl 


SS! 








possible in an incubator. It is particularly valuable in 


(ki NEW BRUNSWICK SCIENTIFIC CO. 














AAAS SYMPOSIUM VOLUME 











Sex in Microorganisms 


Editorial Committee: D. H. WENRICH, University of Pennsylvania, Chairman 
IVEY F. LEWIS, University of Virginia 
JOHN R. RAPER, Harvard University 


The genetic, physiological, and morphological evidence 
for “sex” in the principal groups of microorganisms— 
viruses, bacteria, fungi, unicellular algae, and protozoa 
—is presented by a group of experts in the field. 


N. Visconti of the Carnegie Institution of Washington 
at Cold Spring Harbor, discusses recombination of 
“genes” in viruses. J. Lederberg of Wisconsin and E. L. 
Tatum of Stanford review genetic evidence for “sex” 
in bacteria, and W. G. Hutchinson of Pennsylvania and 
H. Stempen of Jefferson Medical College describe cell 
fusions in certain bacteria. J. R. Raper offers a compre- 
hensive coverage of sex in fungi. 


R. Patrick of the Academy of Natural Sciences, Phila- 


delphia, describes syngamy in diatoms; R. A. Lewin of 
the Maritime Regional Laboratory, Halifax, the sexuality 
of other unicellular algae, especially the flagellates. 


In two chapters D. H. Wenrich covers sexual phe- 
nomena in some of the protozoa and discusses the origin 
and evolution of sex, based primarily on the protozoa, 
but including material about all of the microorganisms. 
D. L. Nanney of Michigan summarizes mating-type 
phenomena in Paramecium aurelia and some of the 
recent mating-type work from Sonneborn’s laboratory. 
C. B. Metz of Florida State compares mating-type sub- 
stances in Paramecium and other ciliates with those 
found in Metazoa. Extensive chapter bibliographies are 
included. 


6x9 inches; 362 pages; 59 illustrations, clothbound; 1954 
Price $5.75. Special cash price to AAAS members, $5.00. 


AAAS PUBLICATIONS 


1515 Massachusetts Avenue, N.W., Washington 5, D. C. 
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Want to make light work of 
your heavy sterilizing loads? 


Big sterilizing requirements are made easy 
when you have a Castle large-capacity rectan- 
gular Autoclave. 

Sizes range from 24” x 24” x 36” to 36” x 
42” x 84” inside dimensions. These big ca- 
pacities take 2 to 9 times as much as the 
average sterilizer! Your work goes faster, 
easier. 

And they’re built to last. Steel-backed 
nickel-clad interiors protect against corro- 
sion. Welded and fabricated to meet all 
A.S.M.E. requirements. 

Standard equipment includes all parts and 
piping for manual operation, with Auto- 
matic Steam Pressure Regulator (range 7 to 
17 p.s.i.). 

For full details and other sizes, (or for Cylin- 
drical Auioclaves) phone your Castle dealer, or 


write for Bulletin Q-8. 


BACTERIOLOGICAL 
APPARATUS 


WILMOT CASTLE CO. 
1763 E. HENRIETTA RD., ROCHESTER, N. Y. 





























Dehydrated 
Culture Media 
DIFCO 


The utmost in efficiency and economy in 
the bacteriological laboratory is realized 


through use of Dehydrated Culture Media, 
Difco. 


Convenience—any medium can be instantly prepared. 
Stability—media can be kept without deterioration. 
Availability—each medium is instantly available. 
Completeness—no additional ingredients are required. 
Uniformity—successive lots are identical. 
Comparability—dependable, comparative studies are 
possible in widely separated laboratories over long 


periods of time when standardized Difco Products 
are employed. 


Specify “DIFCO” 


DircoO LABORATORIES 
DETROIT 1, MICHIGAN 























GLASS ABSORPTION 
CELLS = "y° XLEIT 





Makers of Complete Electrophoresis Apparatus 





SCIENTIFIC APPARATUS 


in wot arenas ee Colorimetere— 
. pars lom: ers a= Fluorimeters— 
ago = be, — Comparators — Glass Stand- 


ards—Kileti Reagents. 


Klett Manufacturing Co. 
179 East 87 Street, New York. New York 
































REASONS......WHY NEW 
AQ STEREOSCOPIC MICROSCOPES 
ARE OUTSTANDING 











a ———— 2. Erect 3-Dimensional 
See a: Images. 


World-famous AO optical design 
produces clear, sharp and erect 
stereoscopic images. Assures 
greater eye comfort for prolonged 


1. New Epoxy Finish. 


Pleasing dove-gray color. 
TOUGH ... but so smooth! 
So hard, in fact, that it is 
being used to replace porce- 
lain. Resists chemical de- 
terioration, abrasion, and 
mechanical impact. 


observations. 


3. Interchangeable 
Objectives. 
Objectives are instantly and easily 


interchanged from one Stereo- 
scopic Microscope to another. 
These precentered, parcentered 
and parfocal objectives can 

ordered separately and inserted 
into the nosepiece without adjust- 


4. Revolving Nosepiece. 


Objectives accurately revolve 
around a vertical axis similar 
to research microscopes. Inter- 
nal optical and mechanical 
parts are dust-proofed. Objec- 
tives in use always foremost — 
uninterrupted path for effec- 
tive illumination and manipu- 
lation of specimen. 


a y = FF 5. Economy Without 
C oy’ ~~ Sacrifice. 

AO’s superior, balanced 

optics, rugged mechanical 

construction and remark- 

able user convenience 

assure a brilliant perform- 

ance for years to come. An 

> AO Spencer Stereoscopic 

Microscope is a sound and 

Of course there are WA : practical investment . .. the 

more than 5 good reasons finest instrument of its type 

. F J that money can buy. 

why you too will want to specify AO Microscopes. 
Why not clip this coupon and mail it today! 


Ce a 


AMERICAN OPTICAL @ Instrument Division @ Buffalo 15. New Yo 
Dept. B2 


Please send FREE CATALOG on AO 


, an Optic al Spencer Stereoscopic Microscopes. 


io) INSTRUMENT DIVISION 


I 

! 

I 

: 

! 

BUFFALO 15, NEW. YORK y 








